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+RZ�DUH�GDWH�SDOPV�SURGXFHG"�� 'DWH� SDOPV� FDQ� EH� SURSDJDWHG� YLD� VHHGV��YHJHWDWLYHO\� SURSDJDWHG� YLD� RIIVKRRWV� RU� YLD�PDVV� SURGXFWLRQ� LQ� D� VWHULOH� DUWLILFLDO�ODERUDWRU\� HQYLURQPHQW� XVLQJ� LQ� YLWUR�WHFKQLTXHV�� � 9HJHWDWLYH� SURSDJDWLRQ� YLD�RIIVKRRWV� GHULYHG� IURP� WKH� D[LOODU\� EXGV� RI�WKH� SDOP� WUHH� KDV� EHHQ� WUDGLWLRQDOO\� XVHG� DV�WKH� PDLQ� SURFHVV� IRU� SODQW� SURGXFWLRQ���8QIRUWXQDWHO\�� WKLV� WUDGLWLRQDO� SURFHGXUH� LV�OLPLWHG� E\� ERWK� WKH� QXPEHUV� RI� RIIVKRRWV�SURGXFHG� IURP� D� VXSHULRU� VHOHFWHG� SODQW� DQG�WKH� GHYHORSPHQW� RI� XVHIXO� RIIVKRRWV� IURP� D�VLQJOH� SODQW�� ZKLFK� RFFXUV� RQO\� GXULQJ� WKH�MXYHQLOH� SKDVH� RI� WKH� SDOP
V� OLIH�� �2IIVKRRWV�

RI� FXOWLYDUV� LQ� KLJK� GHPDQG�� WKHUHIRUH�� QRW�PHHW� WKH� PDUNHW� GHPDQG�� � 7KLV� VHYHUHO\�DIIHFWV� UH�SODQWDWLRQ� SURJUDPV�� ZKLFK� DUH�DLPHG�WR�FRPSHQVDWH�IRU�H[DPSOH�SODQW�ORVVHV�FDXVHG� E\� WKH� %D\RXG� GLVHDVH�� � 0RGHUQ�PXOWLSOLFDWLRQ�WRROV�DUH�FRQVHTXHQWO\�UHTXLUHG�WR VDWLVI\� PDUNHW� GHPDQGV� �0RXUV\� DQG�6DNHU����������,Q�YLWUR�SURGXFWLRQ�XVLQJ�HLWKHU�WKH� SURFHVV� RI� VRPDWLF� HPEU\RJHQHVLV� RU�RUJDQRJHQHVLV� KDV�EHHQ�HVWDEOLVKHG� LQ� UHFHQW�\HDUV� DV� D� URXWLQH� SURFHGXUH� LQ� VHYHUDO�FRPPHUFLDO� ODERUDWRULHV� WR� SURGXFH� ODUJH�QXPEHUV�RI�GDWH�SDOP�SODQWV�DW�D�FRPSHWLWLYH�FRVW�� � 6LQFH� VHYHUDO� WKRXVDQGV� RI� SODQWV� FDQEH�SURGXFHG� IURP�D� VLQJOH�GDWH�SDOP�PRWKHU�SODQW�E\�WKHVH�WHFKQLTXHV��LQ YLWUR�SURGXFWLRQ�
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LV FXUUHQWO\�WKH�PRVW�SURPLVLQJ�WRRO�WR�REWDLQ�VXIILFLHQW� SODQW� PDWHULDO� RI� KLJK� TXDOLW\� WR�RYHUFRPH�RIIVKRRW�VKRUWDJH��0RVW� FRPPHUFLDO� FRPSDQLHV� FDUU\� RXW�PLFURSURSDJDWLRQ� SURGXFWLRQ� RI� GDWH� SDOP�YLD� VRPDWLF� HPEU\RJHQHVLV�� DOVR� FDOOHG�DVH[XDO� HPEU\RJHQHVLV�� � ,Q� WKLV� SURFHVV��HPEU\R�OLNH� VWUXFWXUHV�� FDOOHG� VRPDWLF�HPEU\RV�� DUH� SURGXFHG� IURP� DQ� H[SODQW��ZKLFK�FDQ�EH�VRPDWLF�FHOOV��WLVVXHV�RU�RUJDQV�GHULYHG�IURP�D�VLQJOH�PRWKHU�SODQW�� �6RPDWLF�HPEU\RV� JHUPLQDWH� OLNH� QRUPDO� VHHG�GHULYHG�HPEU\RV� DQG� SURGXFH�� LQGHSHQGHQWO\� RI�VHDVRQ�� SKHQRW\SLFDOO\� QRUPDO� SODQWV�� � ,Q�WKHRU\�� WKHVH� SODQWV� VKRXOG� EH� JHQHWLFDOO\�KRPRJHQHRXV� DQG� LGHQWLFDO� WR� WKH� PRWKHU�SODQW�� � 6RPDWLF� HPEU\RJHQHVLV� LV� FXUUHQWO\�WKH� PRVW� HIILFLHQW� WHFKQLTXH� UHJDUGLQJ� UDWHV�RI� PXOWLSOLFDWLRQ� DQG� SURGXFWLRQ� DQG��WKHUHIRUH�� FRPPHUFLDOO\� DWWUDFWLYH� WR�FRPSOHWHO\� UHSODFH� WUDGLWLRQDO� YHJHWDWLYH�SURSDJDWLRQ�SUDFWLFHV���3URGXFHUV� RI� GDWH� SDOPV� YLD� VRPDWLF�HPEU\RJHQHVLV� KDYH� UHFHQWO\� EHFRPH�LQWHUHVWHG� LQ� DQ� DOWHUQDWH� SURFHVV� RI� LQ� YLWUR�SURGXFWLRQ� XVLQJ� RUJDQRJHQHVLV� ZKHUH�H[SODQWV� DUH� WDNHQ� IURP�VHOHFWHG�SDUWV�RI� WKH�SODQW� DQG� VKRRW� IRUPDWLRQ� LV� LQLWLDWHG� RQ� DQ�DSSURSULDWH�FXOWXUH�PHGLXP�� �7KLV�SURFHVV� LV�VXSSRVHGO\� HDVLHU� WR�PDQDJH� DQG�PLJKW� DOVR�ORZHU� WKH� ULVN� RI� SODQW� RII�W\SH� SURGXFWLRQ���(VSHFLDOO\� RUJDQRJHQHVLV� IURP� PDOH� DQG�IHPDOH� GDWH� SDOP� LQIORUHVFHQFHV�PD\�RIIHU� D�QHZ� SRVVLELOLW\� IRU� PDVV� PXOWLSOLFDWLRQ�FRPSOHPHQWLQJ� FXUUHQW� SURGXFWLRQ� YLD�VRPDWLF� HPEU\RJHQHVLV�� � 7KH� XVH� RI� VXFK�PDWXUH� LQIORUHVFHQFHV� VLPSOLILHV� WKH�WHFKQLTXH� DQG� KDV� WKH� DGYDQWDJH� WKDW�FROOHFWLRQ� GRHV� QRW� DIIHFW� WKH� PRWKHU� SODQW��/RXWIL�DQG�&KO\DK����������:KDW�DUH�ULVNV�LQ�GDWH�SDOP�PLFURSURJDWLRQ"�� 7KH� GDWH� SDOP�PLFURSURSDJDWLRQ� SURFHVV��OLNH� RWKHU� ODUJH�VFDOH� FRPPHUFLDO� SODQW�

SURGXFWLRQ� SURFHVVHV�� FDUULHV� D� QXPEHU� RI�ULVNV�� � 2II�W\SHV�� L�H�� QRQ� WUXH�WR�W\SH� DQG�JHQHWLFDOO\� QRW� LGHQWLFDO� WR� WKH�PRWKHU�SODQW��PD\� EH� DPRQJ� WKH� UHVXOWLQJ� SODQWV�� � 7KH\�VLPSO\� FDQ� EH� WKH� UHVXOW� RI� KDUGHQLQJ� HUURUV�DQG�QRW�RULJLQDWH�IURP�D�FKDQJH�LQ�WKH�JHQHWLF�PDNH�XS�RI� WKH�SODQW�� �3ODQW�RII�W\SHV�ZKHUH�WKH�JHQHWLF�PDNH�XS�KDV�EHHQ�OLNHO\�FKDQJHG�PLJKW� EH� SURGXFHG� YLD� WKH� DSSOLFDWLRQ� RI�H[FHVVLYH� SODQW� PXOWLSOLFDWLRQ� F\FOHV� LQ� WKH�SUHVHQFH�RI�D�SODQW�JURZWK�UHJXODWRU�WR�REWDLQ�D PD[LPDO� HFRQRPLFDOO\� YLDEOH� QXPEHU� RI�SODQWV� IURP� D� VLQJOH� PRWKHU� SODQW�� � 7KH�DSSOLFDWLRQ�RI�D�KLJK�FRQFHQWUDWLRQ�RI�D�SODQW�JURZWK� UHJXODWRU� WR� LQLWLDWH� WKH� LQ YLWUR�SURGXFWLRQ�SURFHVV�PLJKW�DOVR�EH�D�FDXVH�IRU�SODQW�RII�W\SH�SURGXFWLRQ��7KH� LQ� YLWUR� SURGXFWLRQ� RI� GDWH� SDOP� YLD�VRPDWLF� HPEU\RJHQHVLV� UHTXLUHV� WKH�DSSOLFDWLRQ�RI�D� UHODWLYHO\�KLJK�FRQFHQWUDWLRQ�RI�DQ�DX[LQ�W\SH�SODQW�JURZWK�UHJXODWRU��VXFK�DV ����GLFKORURSKHQR[\�DFHWLF�DFLG������'��RU���QDSKWDOHQHDFHWLF� DFLG� �1$$��� IRU� SURFHVV�LQLWLDWLRQ� �7LVVHUDW�� ������ %KDVNDUDQ� DQG�6PLWK�� ������� � +RZHYHU�� WKHVH� DX[LQV� DUH�NQRZQ� WR� EH� DVVRFLDWHG� ZLWK� JHQHWLF�LQVWDELOLW\� LQ� SODQWV�� D� SKHQRPHQRQ� FDOOHG�VRPDFORQDO�YDULDWLRQ��.DUS��������3KLOOLSV�HWDO��� ������ &XOOLV�� ������� � $OWKRXJK�VRPDFORQDO�YDULDWLRQ�FDQ�EH�XVHG�DV�D�VRXUFH�IRU� YDULDWLRQ� WR� REWDLQ� VXSHULRU� FORQHV� LW� FDQ�EH� DOVR� D� YHU\� VHULRXV� SUREOHP� LQ� WKH� SODQW�WLVVXH� FXOWXUH� LQGXVWU\� UHVXOWLQJ� LQ� WKH�SURGXFWLRQ� RI� XQGHVLUDEOH� SODQW� RII�W\SHV��.DUS�� ������ &DVVHOOV� HW� DO��� ������� � )RU�H[DPSOH��SODQW�RII�W\SHV�ZLWK�D�ORQJHU�IORZHU�GHYHORSPHQW� WLPH� ZHUH� IRXQG� LQ� KLJKHU�IUHTXHQF\� DPRQJ� FHUWDLQ� RLO� SDOP� OLQHV�GHULYHG� IURP� VRPDWLF� HPEU\RV� DIWHU� D�SURORQJHG� FXOWXULQJ� WLPH� �&RUOH\� HW� DO���������� �7KH� EDVLV� RI� VRPDFORQDO�YDULDWLRQ� DW�WKH�'1$�OHYHO��L�H��WKH�FKDQJH�LQ�WKH�VWUXFWXUH�RI� '1$� �GHR[\ULERQXFOHLF� DFLG��� LV� VWLOO� QRW�ZHOO� XQGHUVWRRG� DQG� LV� FXUUHQWO\� VXEMHFW� RI�LQYHVWLJDWLRQ�LQ�VHYHUDO�DFDGHPLF�LQVWLWXWLRQV���
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$FFXPXODWLQJ� HYLGHQFH� SRLQWV� WRZDUGV� D�ODELOH�'1$�SRUWLRQ�RI� WKH�SODQW�JHQRPH�WKDW�FDQ EH�PRGXODWHG�ZKHQ�WKH�FHOOV�XQGHUJR�WKH�VWUHVVIXO�WLVVXH�FXOWXUH�SURFHVV�LQ�WKH�SUHVHQFH�RI� SODQW� JURZWK� UHJXODWRUV� �&XOOLV�� ������&XOOLV�DQG�.XQHUW��������6DOD�HW DO����������+RZHYHU�� LW� FDQ�EH� VRPHWLPHV�GLIILFXOW� WR�GLVWLQJXLVK� VXFK� SHUPDQHQW� VRPDFORQDO�FKDQJHV� IURP� WUDQVLHQW� HSLJHQHWLF� FKDQJHV���6XFK� HSLJHQHWLF� FKDQJHV� PLJKW� LQFOXGH�WUDQVLHQW� H[SUHVVLRQV� RU� PRGLILFDWLRQV� RI� D�FHUWDLQ� SODQW� WUDLW�� � %XW� LQ� FRQWUDVW� WR�VRPDFORQDO�FKDQJHV��WKLV�WUDLW�LV�QRW�SDVVHG�WR�WKHLU� RIIVSULQJ� WKURXJK� WKH� VH[XDO� F\FOH� RU�PLJKW�DOVR�FRPSOHWHO\�GLVDSSHDU�GXULQJ�SODQW�PDWXUDWLRQ�� � (SLJHQHWLF� FKDQJHV� DUH� RIWHQ�PDQLIHVWHG�DIWHU�DQ�H[SRVXUH�RI�SODQW�PDWHULDO�WR D� VWUHVVIXO� FRQGLWLRQ� DQG� PD\� EH� GXH� WR�'1$� DPSOLILFDWLRQ�� '1$� PHWK\ODWLRQ�� RU�DFWLYDWLRQ�RI�WUDQVSRVDEOH�HOHPHQWV��%UDU�DQG�-DLQ���������,VRODWHG� UHSRUWV� DERXW� WLVVXH� FXOWXUH�GHULYHG� SODQW� RII�W\SHV� LQ� GDWH� SDOP� DUH�FRQWURYHUVLDO��'MHUEL��������UHFHQWO\�UHSRUWHG�WKH� DEQRUPDO� IUXLWLQJ� RI� GDWH� SDOPV� GHULYHG�IURP� VRPDWLF� HPEU\RJHQHVLV�� � $EQRUPDOLWLHV�ZHUH�VSHFLILFDOO\�IRXQG�IRU�WKH�FXOWLYDU�%DUKHH�ZKHUH�SROOLQDWHG�EXQFKHV�RI�PRUH�WKDQ���������GDWH�SDOPV�SODQWHG�LQ�WKH�EHJLQQLQJ�DQG�PLGGOH�RI� WKH� ����V� LQ� WKH�.LQJGRP�RI�6DXGL�$UDELD�VKRZHG� ��� WR� ����� RI� SDUWKHQRFDUSLF� IUXLWV�VRPHWLPHV�ZLWK� WKH�GHYHORSPHQW�RI�PRUH� WKDQ�� FDUSHOV�� � /DFN� RI� SROOLQDWLRQ� DV� WKH� PDMRU�DEQRUPDOLW\� LQ� VRPDWLF� HPEU\RJHQHVLV�GHULYHG�SODQWV�RI� WKH�FXOWLYDU�%DUKHH�ZDV�DOVR�UHSRUWHG�E\�0F&XEELQ�HW�DO�� �������DIWHU�FDUU\LQJ�RXW�D�VXUYH\� LQ� 6RXWKHUQ�$IULFD� DPRQJ� IDUPHUV� DQG�FRPSDQLHV� UHJDUGLQJ� WKH� DSSHDUDQFH� RI� SODQW�RII�W\SHV�LQ�GDWH�SODQWDWLRQV���+RZHYHU��WKHUH�LV�QR� LQGLFDWLRQ� \HW� WKDW� WKHVH� WLVVXH� FXOWXUH�GHULYHG� SODQWV� DUH� SROOLQDWLRQ� RII�W\SHV� EDVHG�RQ� FKDQJHV� LQ� WKH� '1$� FRPSRVLWLRQ� RU� KDYH�UDWKHU� EHHQ� GHULYHG� IURP� DSSOLFDWLRQ� RI� QRQ�RSWLPDO� FXOWXUH� SUDFWLFHV�� � 7KHVH� UHSRUWV� DUH�DOVR� LQ� FRQWUDVW� WR� WKH� ILQGLQJV� E\� 6PLWK� DQG�

$QVOH\� ������� DQG� $O�*KDPGL� �������LQYHVWLJDWLQJ� WKH� ILHOG� SHUIRUPDQFH� RI� WLVVXH�FXOWXUH�GHULYHG� SODQWV�� � 6PLWK� DQG� $QVOH\�������� IRXQG� WKDW� VRPDWLF� HPEU\RJHQHVLV�GHULYHG� %DUKHH� SODQWV� KDG� QR� REYLRXV�DEQRUPDOLWLHV� SURGXFLQJ� IUXLWV� RI� FRPPHUFLDO�TXDOLW\� LQGLVWLQJXLVKDEOH� IURP� IUXLWV� RI� SODQWV��ZKLFK� KDG� RULJLQDWHG� IURP� RIIVKRRWV�� � $O�*KDPGL� ������� DOVR� REVHUYHG� QR� VLJQLILFDQW�GLIIHUHQFH� LQ� IORZHULQJ� DQG� IUXLW� VHWWLQJ� ZKHQ�WKH� WZR� FXOWLYDUV� 7KRRU\� DQG� =DKGL� ZHUH�LQYHVWLJDWHG�� � $EQRUPDOLWLHV� VXFK� DV� OHDYHV�YDULHJDWLRQ�� VHHGOHVV� IUXLW�� EURDGHU� OHDYHV��GLIIHUHQW� VSLQH� VWUXFWXUH�� EHQGLQJ� RI� VWHP� DQG�FRPSDFW�JURZWK�VHHP�WR�EH�DOPRVW�LQVLJQLILFDQW�DV�W\SHV�RI�YDULDWLRQ��0F&XEELQ�HW�DO�� ��������:K\�LV�D�SODQW�LGHQWLILFDWLRQ�V\VWHP�LPSRUWDQW"�� &RQVLGHUDEOH� LQYHVWPHQW� LQWR� GDWH� SDOPV�WKDW� DUH� GLVFRYHUHG� DIWHU� VHYHUDO� \HDUV� WR� EH�QRQ� WUXH�WR�W\SH� KDV� VHYHUH� ILQDQFLDO�LPSOLFDWLRQV� IRU� ERWK� WKH� JURZHU� DQG� WKH�FRPPHUFLDO�SURGXFHU�RI�GDWH�SDOP�SODQWV�� � ,W�LV�WKHUHIRUH�YLWDO�WKDW�D�FRPPHUFLDO�SURGXFHU�FDQ�DVVXUH�JURZHUV�RI� WKH� LGHQWLW\�RI� WKH�SODQWV� WKDW�WKH\� DUH� SXUFKDVLQJ�� 7KLV� UHTXLUHV� WKH�DSSOLFDWLRQ�RI�DSSURSULDWH�TXDOLW\�DVVXUDQFH�WHVWV�WR� HQVXUH�ERWK� WKH� WUXH�WR�W\SHQHVV�RI�D�FXOWLYDU�ZLWK� WKH�GHWHFWLRQ�RI�SKHQRW\SLF�XQLIRUPLW\�DQG�DJURQRPLF�SHUIRUPDQFH����7KH� SRLQW� DW� ZKLFK� SODQW� RII�W\SHV�� PD\�EHFRPH� D� FRPPHUFLDO� OLDELOLW\�� LV�� KRZHYHU��GLIILFXOW� WR� SUHGLFW�� � 7\SLFDOO\�� WKH� SUREOHP�PLJKW� EH� LGHQWLILHG� LQ� WKH� QXUVHU\� RU�� PRUH�XQIRUWXQDWHO\�� RQO\� LQ� WKH� ILHOG�� ZKHQ� SODQWV�H[KLELW� XQGHVLUDEOH� WUDLWV�� � )RU� GDWH� SDOP�� WKHVH�XQGHVLUDEOH� WUDLWV� PD\� QRW� EH� DSSDUHQW� IRU�VHYHUDO� \HDUV� XQWLO� IUXLW� GHYHORSPHQW� RFFXUV���8QGHWHFWHG�SODQW�RII�W\SHV�PLJKW�ILQDOO\�WXUQ�RXW�EHLQJ� H[WUHPHO\� H[SHQVLYH� IRU� D� FRPPHUFLDO�SURGXFHU�� �:KDWHYHU� LQYHVWPHQW�KDV�EHHQ�PDGH�LQWR� WKDW� EDWFK� RI� SODQWV� FRQWDLQLQJ� DQ�XQDFFHSWDEOH� QXPEHU� RI� SODQW� RII�W\SHV� LV� ORVW���)XUWKHU�� ZKHQ� RQO\� GHWHFWHG� LQ� WKH� ILHOG�� WKH�
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JURZHU�PLJKW� UHTXHVW� WKH� FRPSOHWH� UHSODFHPHQW�RI� SODQWV�� DQG�RU� WKH� JURZHU� PLJKW� VHHN�FRPSHQVDWLRQ�IRU� WKH� ORVW�SURGXFWLRQ�� �(LWKHU�RU�ERWK� DFWLRQV� FRXOG� UXLQ� D� VPDOO� FRPPHUFLDO�SURGXFHU���,Q�DGGLWLRQ��WKH�H[LVWLQJ�PDUNHW�VKDUH�PD\�EH� ORVW� WR�FRPSHWLWRUV� LQ�FDVH�WKH�SURGXFHU�KDV� EHHQ� LGHQWLILHG� DV� VXSSO\LQJ� XQGHU�SHUIRUPLQJ� SODQW� RII�W\SHV� RI� GLIIHUHQW� TXDOLW\���%HLQJ�DEOH�WR�LGHQWLI\�D�FXOWLYDU�FRUUHFWO\�DQG�WR�GHWHFW�SODQW�RII�W\SHV�DV�HDUO\�DV�SRVVLEOH�ZRXOG�VDYH�WKH�LQYHVWPHQW��WKH�WLPH�DQG�PRQH\�ORVW�LQ�SURGXFLQJ� WKDW� EDWFK� RI� SODQWV�� DQG� WKH� ORVV� RI�WKH�FRPSDQ\
V�PDUNHW�VKDUH��,PSOHPHQWDWLRQ� RI� D� GLDJQRVWLF� PDUNHU� DV� D�TXDOLW\� DVVXUDQFH� WRRO� LQWR� WKH� GDWH� SDOP�SURGXFWLRQ� SURFHVV� ZRXOG�� WKHUHIRUH�� KDYH� WKH�IROORZLQJ�EHQHILWV��x 7R� LGHQWLI\� GDWH� FXOWLYDUV� LUUHVSHFWLYH�RI� DQ\�FOHDU� PRUSKRORJLFDO� FKDUDFWHULVWLFV� IRU�GLIIHUHQWLDWLRQ��x 7R�RSWLPL]H�WLVVXH�FXOWXUH�FRQGLWLRQV�ZLWKRXW�WKH� IHDU�RI� WKH�SRVVLEOH�FRQFRPLWDQW� LQFUHDVH�LQ�PXWDWLRQ�UDWHV��x 7R� TXDQWLI\� FRUUHFWO\� WKH� SURSRUWLRQ� RI�VSHFLILF� SODQW� RII�W\SHV� LQ� DQ\� SRSXODWLRQ� RI�SURGXFHG�SODQWV��&XUUHQWO\�� D� UDQJH� RI� GLIIHUHQW� DSSURDFKHV� LV�DYDLODEOH�IRU�GHWHFWLQJ�VXFK�SODQW�RII�W\SHV���7KH�DYDLODEOH� WHVW� PHWKRGV� GLIIHU�� KRZHYHU�� LQ� WKHLU�VHQVLWLYLW\�� WHFKQLFDO� FRPSOH[LW\�� HDVH� RI� XVH��DQG� VWDJH� DW� ZKLFK� WKH\� FDQ� EH� DSSOLHG���+RZHYHU�� ZH� VKRXOG� DOZD\V� EH� DZDUH� WKDW�KLJKO\� GLVFULPLQDWRU\� SURILOLQJ� PHWKRGV� E\�XVLQJ� YHU\� VHQVLWLYH� PROHFXODU� WHFKQLTXHV� HDVH�WKH� ILQGLQJ� RI� PLQRU� JHQHWLF� GLIIHUHQFHV� DQG�LQFUHDVH�JHQHWLF�XQLIRUPLW\�����:KLFK�GLDJQRVWLF�PDUNHU�VKRXOG�EH�XVHG�WR�GHWHFW�SODQW�RII�W\SHV"��
0RUSKRORJLFDO�LGHQWLILFDWLRQ�� ,GHQWLILFDWLRQ� E\� PRUSKRORJLFDO� FKDUDFWHUV�UHSUHVHQWV� WKH� HDVLHVW� DQG� OHDVW� FRPSOH[�

WHFKQLTXH� �+XVVDLQ�DQG�(O�=HLG��������� �7KH�WHFKQLTXH� LV� FDUULHG� RXW� HVSHFLDOO\� LQ� VPDOO�WLVVXH� FXOWXUH� FRPSDQLHV� DV� WKH� RQO\� TXDOLW\�DVVXUDQFH�SURFHGXUH�EHFDXVH�RI�LWV�VLPSOLFLW\�DQG� DYRLGDQFH� RI� DQ� H[SHQVLYH� DQDO\WLFDO�ODERUDWRU\� VHWXS�� � ,Q� PRUSKRORJLFDO�LGHQWLILFDWLRQ�� DQ� H[SHULHQFHG� H[DPLQHU�LGHQWLILHV� SODQW� YDULDQWV�� RIWHQ� VXEMHFWLYHO\��SUHGRPLQDQWO\�LQ�WKH�QXUVHU\�YLD�GHVFULSWLRQ�DQG�YLVXDO� PRQLWRULQJ� RI� HDVLO\� GHWHFWDEOH� SODQW�FKDUDFWHULVWLFV�� VXFK� DV� IRUP� DQG� VWUXFWXUH���8QIRUWXQDWHO\�� WKHVH� FKDUDFWHULVWLFV� PD\� YDU\�ZLGHO\� ZLWK� WKH� HQYLURQPHQW� DQG� WKH� JURZWK�VWDJH� RI� WKH� SODQW�� � 6RPH� FKDUDFWHULVWLFV��KRZHYHU�� ZKLFK� FKDQJH� WKURXJK� VRPDFORQDO�YDULDWLRQ��DUH�REYLRXV�RQFH�SODQWV�DUH�HVWDEOLVKHG�LQ� WKH� QXUVHU\�� � 7KLV� LQFOXGHV� D� VLJQLILFDQWO\�FKDQJHG�SODQW�VWUXFWXUH�RU�OHDI�GLVFRORUDWLRQ�DQG�GHIRUPDWLRQ��&RUUHFW� LGHQWLILFDWLRQ� RI� PDQ\� GDWH� SDOP�FXOWLYDUV� LV� XVXDOO\� QRW� SRVVLEOH� XQWLO� IUXLWV�DUH� SURGXFHG� DQG� IUHTXHQWO\� UHTXLUHV� D� ODUJH�VHW�RI�SKHQRW\SLF�GDWD� WKDW�DUH�RIWHQ�GLIILFXOW�WR� DVVHVV� DQG� VRPHWLPHV� YDULDEOH� GXH� WR�HQYLURQPHQWDO�LQIOXHQFHV��6HGUD�HW�DO�����������)XUWKHU�� SHUIRUPDQFH� FKDUDFWHULVWLFV�� VXFK� DV�SROOLQDWLRQ� SRWHQWLDO�� \LHOG� SRWHQWLDO�� IUXLW�TXDOLW\� RU� GLVHDVH� VXVFHSWLELOLW\�� DUH� VWLOO�KLGGHQ�LQ�WKH�MXYHQLOH�VWDJH�RI� WKH�GDWH�SDOP�DQG� DUH� RQO\� H[SUHVVHG� LQ� WKH� PDWXUH� VWDJH�DIWHU� VHYHUDO� \HDUV� RI� SODQW� GHYHORSPHQW��2YHUDOO�� WKLV� PDNHV� PRUSKRORJLFDO�FKDUDFWHUL]DWLRQ�� DOWKRXJK� HFRQRPLFDOO\�DWWUDFWLYH�� ODUJHO\� XVHOHVV� IRU� GDWH� SDOP� DQG�GRHV� QRW� DOORZ� HLWKHU� FRUUHFW� FXOWLYDU�LGHQWLILFDWLRQ� RU� WKH� GHWHFWLRQ� RI� SODQW� RII�W\SHV�DW�WKH�MXYHQLOH�VWDJH���
0ROHFXODU�PDUNHUV�� 6LQFH� PRUSKRORJLFDO� LGHQWLILFDWLRQ� RI�RII�W\SHV�LV�XQUHOLDEOH�DW�WKH�MXYHQLOH�VWDJH�RI�WKH� GDWH� SDOP�� D� GLIIHUHQW� W\SH� RI� PDUNHU� LV�UHTXLUHG� DW� WKLV� SODQW� GHYHORSPHQW� VWDJH� IRU�FXOWLYDU� LGHQWLILFDWLRQ� DQG� WKH� SRVVLEOH�
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GHWHFWLRQ� RI� SODQW� RII�W\SHV�� � ,Q� FRQWUDVW� WR�PRUSKRORJLFDO� FKDUDFWHUV��PROHFXODU�PDUNHUV�GHVFULEH� WKH� LQWHUQDO�PDNH�XS�RI� D�SODQW� DQG�LGHQWLI\� WKH�YDULDQFH� LQ�HLWKHU� WKH�SURGXFWLRQ�RI� D�SODQW�SURWHLQ��ZKLFK�DUH�H[SUHVVHG� IURP�FHUWDLQ� UHJLRQV� RI� WKH� '1$�� RU� WKH� WRWDO�FRPSRVLWLRQ�RI�'1$���)LJXUH�����RXWOLQHV�WKH�JHQHUDO� SURFHVV� IRU� SODQW� LGHQWLILFDWLRQ� E\�HLWKHU� SURWHLQ� RU� '1$� DQDO\VLV�� � +RZHYHU��WKH� DSSOLFDWLRQ� RI� PROHFXODU� PDUNHUV� XVLQJ�HOHFWURSKRUHWLF� WHFKQLTXHV� LV� PRUH� FRPSOH[�WKDQ�UHO\LQJ�RQ�PRUSKRORJLFDO�FKDUDFWHUV��DQG�UHTXLUHV� VNLOOHG� SHUVRQQHO� DV� ZHOO� DV� DQ�DQDO\WLFDO�ODERUDWRU\�IDFLOLW\�� �

)LJXUH� ��� $� JHQHUDO� RXWOLQH� RI� WKH� VWHSV� LQYROYHG� LQ�SODQW�LGHQWLILFDWLRQ�E\�HLWKHU�SURWHLQ�RU�'1$�DQDO\VLV���3URWHLQV� DUH� DQDO\]HG� DV� LVR]\PHV� RQ� D� QDWLYH� JHO�ZKHUHDV� '1$� LV� DQDO\]HG� RQ� DQ� DJDURVH� JHO� DIWHU�'1$� DPSOLILFDWLRQ� E\� WKH� SRO\PHUDVH� FKDLQ� UHDFWLRQ��3&5��XVLQJ�VSHFLILF�'1$�SULPHUV���
3URWHLQ�PDUNHUV�� 3URWHLQV�KDYH�EHHQ�XVHG�IRU�PDQ\�\HDUV�DV�PROHFXODU� PDUNHUV�� SUHGRPLQDQWO\� LQ�DFDGHPLF�ODERUDWRULHV��IRU�SODQW�LGHQWLILFDWLRQ��.HSKDUW�� ������� � 3URWHLQV� DUH� DQDO\]HG� DV�LVR]\PHV�� ZKLFK� DUH� GLIIHUHQW� PROHFXODU�IRUPV� RI� D� SURWHLQ� DFWLYHO\� FRQWUROOLQJ�LGHQWLFDO� ELRFKHPLFDO� SURFHVVHV� RI� D� OLYLQJ�FHOO�� � ,VR]\PHV� DUH� VHSDUDWHG� LQ� DQ� HOHFWULFDO�ILHOG�VXSSRUWHG� LQ�D�SRO\DFU\ODPLGH�RU�VWDUFK�PDWUL[�� � $� FKDUDFWHULVWLF� SDWWHUQ� RI� GLIIHUHQW�

LVR]\PH� EDQGV� FDOOHG� DQ� �LVR]\PH�ILQJHUSULQW�� �)LJXUH� ���� LV� YLVXDOL]HG� DIWHU�VWDLQLQJ�� � $� GLIIHUHQFH� EHWZHHQ� LVR]\PH�ILQJHUSULQWV�GHULYHG�IURP�WZR�W\SHV�RI�SODQWV�LV IXUWKHU�FDOOHG�D��SRO\PRUSKLVP����,VR]\PH�DQDO\VLV� KDV� WKH� FOHDU� DGYDQWDJH� RYHU�'1$�EDVHG�PDUNHUV��RI�UHODWLYH�HIILFLHQF\�DQG�FRVW�HIIHFWLYHQHVV����

)LJXUH� ��� $� W\SLFDO� LVR]\PH� ILQJHUSULQW� RI� GDWH� SDOP�HVWHUDVHV� VKRZLQJ� WKH� H[SUHVVLRQ� RI� LVR]\PHV� RI� WKH�HQ]\PH� HVWHUDVH� LQ� D� QXPEHU� RI� GDWH� SDOP� FXOWLYDUV���&XOWLYDUV� DUH� KHQFH� LGHQWLILHG� E\� WKHLU� W\SLFDO�H[SUHVVLRQ�SDWWHUQ��%DD]L]��XQSXEOLVKHG���� 6HYHUDO� UHVHDUFK� JURXSV� KDYH� DSSOLHG�LVR]\PHV�DV�GHVFULSWLYH�PDUNHUV�LQ�GDWH�SDOP�WR GLVWLQJXLVK� EHWZHHQ� FXOWLYDUV� �7RUUHV� DQG�7LVVHUDW� ������ -DVPLQ� $OMLERXUL�� ������� WR�VFUHHQ� IRU�%D\RXG�UHVLVWDQW� FXOWLYDUV� �%DD]L]�DQG� 6DDLGL�� ������ %DD]L]�� ������ %HQGLDE� HWDO��� ������� WR� GHWHFW� SODQW� RII�W\SHV� IURP�PLFURSURSDJDWLRQ��6DOPDQ�HW�DO���������6DNHU�HW� DO��� ������� WR� FDUU\� RXW� SRSXODWLRQ� VWXGLHV��%HQGLDE� HW DO��� ������ DQG� WR� FKDUDFWHUL]H�FDOOL� DQG� VRPDWLF� HPEU\RV� RI� GDWH� SDOP��%DD]L]� HW DO��� ������� � (Q]\PHV� PRVW�FRPPRQO\� PHDVXUHG� DUH� HVWHUDVH� �(67���JOXWDPDWH� R[DORDFHWDWH� WUDQVDPLQDVH� �*27���HQGRSHSWLGDVH� �(13��� DOFROKRO�GHK\GURJHQDVH� �$'+��� SHUR[LGDVH� �3(5��SRO\SKHQRO� R[LGDVH� �32'�� DQG� DOVR�SKRVSKRJOXFRVH� LVRPHUDVH� �3*,���
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SKRVSKRJOXFRVH� PXWDVH� �3*0�� DQG� OHXFLQH�>F\WRVRO@�DPLQRSHSWLGDVH��/$3���,VR]\PH�DQDO\VLV�KDV�EHHQ�DSSOLHG� WR�GDWH�SDOP�FXOWLYDU� LGHQWLILFDWLRQ�� � ,Q�D� ILUVW� UHSRUW�DOPRVW� ��� \HDUV� DJR�� 7RUUHV� DQG� 7LVVHUDW������� RXWOLQHG� WKDW� OHDI� LVR]\PHV� FDQ� EH�XVHG� DV� JHQHWLF� PDUNHUV� LQ� GDWH� SDOP�LGHQWLILFDWLRQ��%\�VFUHHQLQJ�GLIIHUHQW�HQ]\PHV�WKH� KLJK�GHPDQGHG� FXOWLYDUV� 0HGMRRO� DQG�%DUKHH� FRXOG� EH� GLIIHUHQWLDWHG� E\� 3*,���+RZHYHU�� QR� GLIIHUHQWLDWLRQ� FRXOG� EH� PDGH�EHWZHHQ� WKH� ILYH� FXOWLYDUV� %DUKHH� 'D\UL�'HJOHW� 1RRU� .KDGUDZ\� DQG� 0HGMRRO� ZLWK�WKH� HQ]\PHV� (67� DQG� $'+�� � 7KH� JHQHUDO�SRWHQWLDO� IRU� LVR]\PH� DQDO\VLV� WR� LGHQWLI\�FXOWLYDUV� KDV� DOVR� EHHQ� GHPRQVWUDWHG� LQ�VHYHUDO�VWXGLHV���7KLV�LQFOXGHV�D�VWXG\�WR�ILQG�UHODWLRQVKLSV� EHWZHHQ� LVR]\PH� SURILOHV� DQG�UHVLVWDQFH�WR�WKH�%D\RXG�GLVHDVH��%DD]L]�DQG�6DDLGL�� ������ %DD]L]�� ������ %HQGLDE� HW DO��������� WR� GHWHUPLQH� WKH� GDWH� SDOP� FXOWLYDU�FRPSRVLWLRQ�RI�0RURFFDQ�SDOP�JURYHV�DQG�WR�GLIIHUHQWLDWH� FDOOL� DQG� VRPDWLF� HPEU\RV� RI�WZR� 0RURFFDQ� GDWH� SDOP� FXOWLYDUV� ZLWK� WKH�DLP WR� ILQG�ELRFKHPLFDO�PDUNHUV� IRU� VRPDWLF�HPEU\R� GHYHORSPHQW� �%DD]L]� HW DO��� ��������%HQGLDE� HW� DO� ������� ZHUH� VXFFHVVIXO� LQ�GLIIHUHQWLDWLQJ� ��� UHSXWHG� FXOWLYDUV� E\�LVR]\PH�DQDO\VLV����8QIRUWXQDWHO\�� QR� HYLGHQFH� KDV� EHHQ�UHSRUWHG� WKDW� VXFK� SURWHLQ� PDUNHUV� FDQ�GLIIHUHQWLDWH�EHWZHHQ� LQGLYLGXDO�SODQWV�RI� WKH�VDPH�FXOWLYDU�WR�GHWHFW�SODQW�RII�W\SHV�FDXVHG�E\� VRPDFORQDO� YDULDWLRQ�� � 6DOPDQ� HW DO������� UHSRUWHG� WKDW� UHJHQHUDWHG� SODQWV� RI�IRXU� GDWH� SDOP� FXOWLYDUV� GHULYHG� IURP� FDOOXV�FXOWXUHV� VKRZHG� VLPLODU� EDQGLQJ� SDWWHUQV�ZLWKLQ� FXOWLYDUV� IRU� WKH� HQ]\PHV� (67�� *27�DQG� F\WRVROLF� /$3� RQ� SRO\DFU\ODPLGH�HOHFWURSKRUHVLV� EXW� YDULDWLRQ� EHWZHHQ� WKH�GLIIHUHQW�FXOWLYDUV� WHVWHG�ZDV�REVHUYHG�� �7KLV�UHVXOW�ZDV�UHFHQWO\�FRQILUPHG�E\�6DNHU�HW�DO������� DQDO\]LQJ� 3(5�� 32'� DQG� *27���6LPLODU� EDQGLQJ� SDWWHUQV� IRU� 3(5� DQG� *27�ZHUH� GHWHFWHG� LQ� DOO� DQDO\]HG� SODQWV���

+RZHYHU�� YDULDWLRQV� LQ� DFWLYLW\� OHYHOV� RI� WKH�WKUHH� HQ]\PHV� LQYHVWLJDWHG� ZHUH� IRXQG� DV�ZHOO� DV� 32'� LVRPHUV� LQ� ����� PRQWK� ROG�FXOWXUHV��,VR]\PH� DQDO\VLV�� DOWKRXJK� HDV\� WR� DSSO\��KDV� VHYHUDO� JHQHUDO� GUDZEDFNV�� �7KHVH� LQFOXGH�WKH� GHSHQGHQFH� RI� LVR]\PH� H[SUHVVLRQ� RQ�HQYLURQPHQWDO� FRQGLWLRQV�� WKH� RUJDQ�VSHFLILF�SUHVHQFH� RI� DQ� LVR]\PH� DQG� WKH� RIWHQ�OLPLWHG�DPRXQW� RI� GHWHFWDEOH� SRO\PRUSKLVP�� � 'HVSLWH�WKHVH� GUDZEDFNV�� SURWHLQ� PDUNHUV� KDYH� D�GHPRQVWUDWHG� SRWHQWLDO� LQ� GDWH� SDOP� FXOWLYDU�LGHQWLILFDWLRQ� DQG� DQDO\VLV� RI� ODERUDWRU\� RU�QXUVHU\�GHULYHG� SODQWV�� � +RZHYHU�� LVR]\PH�DQDO\VLV��ZKLFK�ODFNV�D�GLUHFW�DVVHVVPHQW�RI�WKH�JHQRPLF� YDULDWLRQ� DW� WKH� '1$� OHYHO�� DQG� DV�VXFK� LV� LQDGHTXDWH� WR� GHWHFW� PRVW� RI� WKH� RII�W\SHV� WKDW� DUH� GHULYHG� IURP� WLVVXH� FXOWXUH� DQG�FRXOG�FRPSULVH�WKH�EXON�RI�VRPDFORQDO�YDULDQWV���
'1$ PDUNHUV�� &RPPHUFLDO� SURGXFHUV� FDQQRW� LJQRUH� WKH�DGYDQFHPHQWV� PDGH� LQ� SODQW� ELRWHFKQRORJ\�LQFOXGLQJ� WKH� DSSOLFDWLRQ� RI� '1$�EDVHG�PDUNHUV� IRU� TXDOLW\� DVVXUDQFH�� � ,Q� FRQWUDVW� WR��LVR]\PH� ILQJHUSULQWLQJ�� '1$�EDVHG� V\VWHPV�KDYH� WKH� JHQHUDO� DGYDQWDJH� WKDW� WKH� '1$�FRQWHQW� RI� D� FHOO� LV� LQGHSHQGHQW� RI�HQYLURQPHQWDO� FRQGLWLRQV�� RUJDQ� VSHFLILFLW\� RU�JURZWK� VWDJH�� �(DFK�FHOO� RI� D� OLYLQJ� LQGLYLGXDO�FRQWDLQV� '1$� DV� JHQHWLF� PDWHULDO�� DQG� WKH�'1$� GHWHUPLQHV� WKH� LQGLYLGXDO� FKDUDFWHULVWLFV�YLD� WKH� FRQWURO�RI�SURWHLQ� V\QWKHVLV� LQ� WKH� FHOO���+RZHYHU�� H[FHSW� IRU� VRPH� PDMRU� FURSV� OLNH�PDL]H�� '1$�EDVHG� LGHQWLILFDWLRQ� WHFKQLTXHV�IRU� SODQWV� DUH� QRW� ZHOO� DGYDQFHG�� ZKHQ�FRPSDUHG� WR� WHFKQLTXHV�GHYHORSHG� IRU�KXPDQV�RU� DQLPDOV�� � '1$�EDVHG� WHVWV� IRU� GDWH� SDOP�LGHQWLILFDWLRQ�LQFOXGH�WHFKQLTXHV�VXFK�DV�5$3'��5DQGRP� $PSOLILHG� 3RO\PRUSKLF� '1$���5)/3� �5HVWULFWLRQ� )UDJPHQW� /HQJWK�3RO\PRUSKLVP��� $)/3� �$PSOLILFDWLRQ�)UDJPHQW� /HQJWK� 3RO\PRUSKLVP�� DQG� 5'$�
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�5HSUHVHQWDWLRQDO�'LIIHUHQFH�$QDO\VLV�� �3RZHOO�HW�DO���������&XOOLV�HW�DO�����������
5$3'�� 7KH�FKDUDFWHUL]DWLRQ�RI�D�'1$�VDPSOH�E\�5DQGRP� $PSOLILHG� 3RO\PRUSKLF� '1$� RU�5$3'�DQDO\VLV��ZKLFK�LV�RIWHQ�UHIHUUHG�WR�DV�'1$� �ILQJHUSULQWLQJ��� KDV� DWWUDFWHG�FRQVLGHUDEOH� DWWHQWLRQ� LQ� WKH� ODVW� WHQ� \HDUV���5$3'� LV� SRVVLEO\� WKH� VLPSOHVW� WHVW� RI� DOO�UHFHQWO\� DSSOLHG� '1$�EDVHG� WHVWV� IRU� GDWH�SDOP� LGHQWLILFDWLRQ�� � 7KH� 5$3'� WHFKQLTXH�FRQVLVWV� RI� WKH� SURGXFWLRQ� RI� GXSOLFDWH� RI�VHJPHQWV� RI� SODQW� '1$� DQG� WKHVH� '1$�VHJPHQWV� DUH� VHYHUDO� PLOOLRQ�IROG� DPSOLILHG�LQ D� UHDFWLRQ� FDOOHG� 3RO\PHUDVH� &KDLQ�5HDFWLRQ� �3&5��� � 7R� GXSOLFDWH� WKH� SODQW�'1$�� VHWV� RI� YHU\� VKRUW� QXFOHRWLGHV�� FDOOHG�SULPHUV� WKDW� FRQVLVW� RI� WKH� EDVLF� EXLOGLQJ�EORFNV�RI�'1$��DUH�UHTXLUHG���7KHVH�SULPHUV��ZKLFK�ELQG� VHOHFWLYHO\� WR� WKH�PDVWHU�FRS\�RI�SODQW�'1$��DUH�FRPPHUFLDOO\�DYDLODEOH� IURP�VHYHUDO�ELRWHFKQRORJ\�FRPSDQLHV���$�WKHUPR�VWDEOH� HQ]\PH�� FDOOHG�7DT�'1$�SRO\PHUDVH��ZKLFK� FDUULHV� RXW� UDSLG� WHPSHUDWXUH�IOXFWXDWLRQ� F\FOHV�� LV� QHFHVVDU\� IRU� WKH�GXSOLFDWLRQ�SURFHVV�DQG�FRQVHTXHQWO\�VHYHUDO�PLOOLRQ�IROG� DPSOLILFDWLRQ� RI�'1$� VHJPHQWV�DUH� REWDLQHG�� )LQDOO\�� DPSOLILHG� '1$�VHJPHQWV� DUH� VHSDUDWHG� RQ� HLWKHU� DJDURVH� RU�SRO\DFU\ODPLGH� JHOV� DQG� YLVXDOL]HG� E\�VWDLQLQJ�� � 7KH� GHWHFWHG� SRO\PRUSKLVP�EHWZHHQ� LQGLYLGXDO� SODQWV� PD\� UHVXOW� IURP�HLWKHU� D� '1$� VHTXHQFH� GLIIHUHQFH� LQ� WKH�ELQGLQJ�VLWH�IRU�WKH�SULPHU�RQ�WKH�SODQW�'1$�RU�D�GHOHWLRQ�RI�SDUWV�RI� WKH�SODQW�'1$�� �$V�VKRZQ�LQ�)LJXUH����ERWK�SURFHVVHV�DUH�YLVLEOH�DV WKH� DEVHQFH� RI� D� SDUWLFXODU� 5$3'� EDQG�DIWHU� VHSDUDWLRQ� RQ� D� JHO� V\VWHP�� ZKLFK�DOORZV�WKH�GLIIHUHQWLDWLRQ�RI�FXOWLYDUV���

% 0��
)LJXUH� ��� $� W\SLFDO� GDWH� SDOP� 5$3'� ILQJHUSULQW�VKRZLQJ� GLIIHUHQW� '1$� SURGXFWV� DIWHU� '1$�DPSOLILFDWLRQ� RI� SDUW� RI� WKH� JHQRPH� LQ� WKH� FXOWLYDUV�0HGMRRO��0��DQG�%DUKHH��%����&XOWLYDUV�DUH�LGHQWLILHG�E\� WKH� W\SLFDO� '1$� DPSOLILFDWLRQ� SURILOH� XVLQJ� D�VSHFLILF� SULPHU� LQ� D� 3&5� UHDFWLRQ� IRU� '1$�DPSOLILFDWLRQ��� 6LQFH� 5$3'� DQDO\VLV� UHTXLUHV� QR� VSHFLDO�HTXLSPHQW� DSDUW� IURP� D� KLJK� TXDOLW\�WKHUPRF\FOHU� DQG� D� JHO� DVVHPEO\�� WKLV�WHFKQLTXH�KDV�WKH�DGYDQWDJH�RI�EHLQJ�VLPSOH��UDSLG� DQG� UHTXLULQJ� RQO\� D� OLWWOH� DPRXQW� RI�LVRODWHG� '1$�� QRUPDOO\� IURP� D� SODQW� OHDI���9LUWXDOO\� XQOLPLWHG� QXPEHUV� RI� GLIIHUHQW�5$'3V� FDQ� EH� REWDLQHG�E\� VLPSO\� FKDQJLQJ�D SULPHU�ZLWKRXW�FKDQJLQJ�RWKHU�H[SHULPHQWDO�FRQGLWLRQV�� � $IWHU� RSWLPL]DWLRQ� RI� WKH�WHFKQLTXH�� D� VHPL�TXDOLILHG� SHUVRQ� FDQ�WKHRUHWLFDOO\� FDUU\� RXW� 5$3'� DQDO\VLV� LQ� D�FRPPHUFLDO�ODERUDWRU\�RQ�D�URXWLQH�EDVLV��,Q� D� ILUVW� UHSRUW� DERXW� GDWH� SDOP� FXOWLYDU�LGHQWLILFDWLRQ� ZLWK� 5$3'�� &RUQLTXHO� DQG�0HUFLHU��������IRXQG�SRO\PRUSKLVPV�DPRQJ�WKH� FXOWLYDUV� %DUKHH� 'HJOHW� 1RRU� DQG�0HGMRRO� DIWHU� WRWDO� '1$� H[WUDFWLRQ� IURP�RIIVKRRW� OHDYHV� RI� GLIIHUHQW� LQGLYLGXDOV� DQG�DPSOLILFDWLRQ� RI� '1$� VHJPHQWV� ZLWK�FRPPHUFLDOO\� DYDLODEOH� UDQGRP� SULPHUV�23(���� 23%��� DQG�23(��� SXUFKDVHG� IURP�2SHURQ�7HFKQRORJLHV�,QF���86$����7KH\�DOVR�LQGLFDWHG�WKDW�5$3'�HQDEOHG�WR GLIIHUHQWLDWH��YLD� FKDQJHG� EDQGLQJ� SDWWHUQV�� EHWZHHQ�LQGLYLGXDOV�RI�WKH�VDPH�FXOWLYDU����
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5$3'�DV�D�PROHFXODU�PDUNHU�V\VWHP�KDV�DOVR� EHHQ� VXFFHVVIXOO\� DSSOLHG� LQ� FXOWLYDU�LGHQWLILFDWLRQ�� � $IWHU� SUH�VFUHHQLQJ� RI� ����'1$�SULPHUV�RQ�IRXU�JHQRW\SHV�����VHOHFWHG�SULPHUV� UHYHDOHG� SRO\PRUSKLVPV� DQG� JDYH�UHSURGXFLEOH� UHVXOWV� UHJDUGLQJ� JHQHWLF�YDULDWLRQ� DPRQJ� ��� GDWH� SDOP� DFFHVVLRQV��LQFOXGLQJ����DFFHVVLRQV�IURP�0RURFFR�DQG���FXOWLYDUV� IURP�,UDT�DQG�7XQLVLD��6HGUD�HW DO��������� $OO� ��� DQDO\]HG� JHQRW\SHV� ZHUH�GLVWLQJXLVKDEOH� E\� WKHLU� EDQG� SDWWHUQV�� � 7R�GHWHFW� VRPDFORQDO� YDULDWLRQ�� 6DNHU� HW DO������� DQDO\]HG� WLVVXH� FXOWXUH�GHULYHG� GDWH�SDOP� SODQWV� DQG� VKRZHG� WKDW� JHQHWLF�YDULDWLRQV� RFFXUUHG� LQ� DSSUR[LPDWHO\� ��� RI�WKH� DQDO\]HG� SODQWV� UHSUHVHQWLQJ� ��� SODQW�UHJHQHUDQWV���$V�DOVR�IRXQG�IRU�32'�LVR]\PH�SDWWHUQV�� SRO\PRUSKLF� EDQGV� LQ� 5$3'�SURILOHV� ZHUH� RQO\� GHWHFWHG� LQ� ����� PRQWKV�ROG�FXOWXUHV���5$3'� DQDO\VLV� LV� QRUPDOO\� IRXQG� WR� EH�HDV\� WR� SHUIRUP� EXW� KDV� WKH� PDMRU�GLVDGYDQWDJH� WKDW� UHSURGXFLELOLW\� LV� GLIILFXOW�WR DFKLHYH�EHWZHHQ�GLIIHUHQW� ODERUDWRULHV�DQG�RIWHQ� HYHQ� EHWZHHQ� GLIIHUHQW� SHRSOH� LQ� WKH�VDPH� ODERUDWRU\� �-RQHV� HW� DO��� ������� � $Q\�GLDJQRVWLF� ODERUDWRU\�� ZKLFK� LQWHQGV� WR� XVH�5$3'�DQDO\VLV�DV�D�TXDOLW\�FRQWURO�WRRO��KDV��WKHUHIRUH�� ILUVWO\� WR� HQVXUH� FRQVWDQW�GHWHFWLRQ�RI� LGHQWLFDO� '1$� DPSOLILFDWLRQ� SURGXFWV� E\�VHYHUDO�IROG� UHSHDWHG� H[SHULPHQWV� SUHIHUDEO\�E\� GLIIHUHQW� SHRSOH�� �(OLPLQDWLRQ�RI�SRVVLEOH�YDULDWLRQ� LQ� ERWK� '1$� FRQFHQWUDWLRQ� DQG�SXULW\� DQG� DVVXUDQFH� RI� FRQVLVWHQW� UHDFWLRQ�FRQGLWLRQV� PD\EH� D� ILUVW� VWHS� WR� RYHUFRPH�GLIILFXOWLHV�ZLWK�DVVD\�UHSURGXFLELOLW\�� �7KHUH�DUH� IXUWKHU� VHYHUDO� UHSRUWV�RQ� WKH� LPSRUWDQFH�RI�7DT SRO\PHUDVH�DQG�WKH�WKHUPRF\FOHU�XVHG�LQ WKH� 3&5� UHDFWLRQ� IRU� 5$3'V� DQG�YDULDELOLW\�LQ�5$3'�SURILOHV�GXH�WR�WKH�XVH�RI�GLIIHUHQW� EUDQGV� RI� ERWK�� � )RU� H[DPSOH��GLIIHUHQW� EUDQGV� RI� '1$� 7DT� SRO\PHUDVH�DPSOLI\� GLIIHUHQWO\�� ZKLFK� UHVXOW� LQ� YDU\LQJ�SURILOHV� RI� '1$� DPSOLILFDWLRQ� SURGXFWV���6NURFK� DQG� 1LHQKDXV� ������� H[DPLQHG� WKH�

LPSDFW�RI�WKLV�LUUHSURGXFLELOLW\�RQ�WKH�VFRULQJ�RI� 5$3'V�� � :KHQ� H[SUHVVHG� DV� WKH�SHUFHQWDJH� RI�5$3'�EDQGV� VFRUHG� WKDW�ZHUH�DOVR� VFRUHG� LQ� UHSOLFDWH� GDWD�� RQO\� ����UHSURGXFLELOLW\� ZDV� REWDLQHG� IRU� ��� 5$3'�SULPHUV�� � ,I�5$3'� LV� HQYLVDJHG�DV� D�JHQHUDO�WHFKQLTXH� IRU� GDWH� SDOP� LGHQWLILFDWLRQ�� D�PDMRU� WDVN� ZLOO� EH� WR� HQVXUH� FRQVLVWHQW�UHDFWLRQ�FRQGLWLRQV���7KHVH�FRQGLWLRQV�KDYH�WR�EH�DSSOLFDEOH� LQ�GLIIHUHQW� WHVWLQJ� ODERUDWRULHV�ZLWK� D� VLPLODU� UHVXOW� SUHIHUDEO\� XVLQJ�WKHUPRF\FOHUV�RI�LGHQWLFDO�TXDOLW\�WR�PDLQWDLQ�FRQVLVWHQF\� LQ� WKH� WKHUPDO� SURILOH� GXULQJ�'1$ DPSOLILFDWLRQ� DQG� WKH� XVH� RI� D� '1$�7DT SRO\PHUDVH�RI�LGHQWLFDO�TXDOLW\���
5)/3�� 5HVWULFWLRQ�)UDJPHQW�/HQJWK�3RO\PRUSKLVP��5)/3��FDQ�EH�DQDO\]HG�E\�WKH�FRPELQDWLRQ�RI�UHVWULFWLRQ� HQ]\PH� GLJHVWLRQ� IROORZHG� E\�K\EULGL]DWLRQ�RI�WKH�IUDJPHQWV�SURGXFHG�ZLWK�D '1$� SUREH�� � 8QIRUWXQDWHO\�� WKLV� ZLGHO\�XVHG� SURFHVV� UHTXLUHV� ERWK� ODUJH� DPRXQWV� RI�'1$ DQG�WKH�LVRODWLRQ�RI�LQIRUPDWLYH�SUREHV�WKDW�\LHOG�GLIIHUHQFHV�EHWZHHQ� WKH� VRXUFHV�RI�WKH� '1$�� � 7KH� PRVW� IUHTXHQW� VRXUFHV� RI�SUREHV� IRU� 5)/3� DQDO\VLV� LQFOXGH� F'1$�FORQHV�DQG�PLFURVDWHOOLWHV���7KH�XVH�RI�5)/3�LQ� WKH� WUDGLWLRQDO� IRUP� RI� K\EULGL]DWLRQ� RI�ODEHOHG�SUREHV�WR�ILOWHU�ERXQG�'1$�KDV�EHHQ�UHSODFHG� E\� 3&5�EDVHG� WHFKQLTXHV�� � 7KLV� LV�EHFDXVH� RI� WKH� ODERU�LQWHQVLYH� QDWXUH� RI�LGHQWLI\LQJ� VXLWDEOH� SUREHV� DV� ZHOO� DV� WKH�H[WHQGHG� WLPH� QHHGHG� WR� XQGHUWDNH� WKH�H[SHULPHQWV��7KHUH�DUH�QR�LQVWDQFHV�ZKHUH�D� WUDGLWLRQDO�5)/3� DQDO\VLV� LV� EHLQJ� XVHG� IRU� URXWLQH�FXOWLYDU� LGHQWLILFDWLRQ�� )RU� GDWH� SDOP�� WKH�WHFKQLFDO� DVSHFWV� IRU� SODQW� LGHQWLILFDWLRQ�XVLQJ�5)/3�DUH� LQ�SODFH�� �%RWK� WKH� LVRODWLRQ�RI� '1$� IURP� OHDI� VDPSOHV� �$LWFKLWW� HW DO���������2XHQ]DU�HW�DO���������DQG�WKH�LVRODWLRQ�RI� F'1$� FORQHV� WKDW� KDYH� XWLOLW\� DV� SUREHV�IRU� GLVFULPLQDWLQJ� EHWZHHQ� FXOWLYDUV� KDYH�
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EHHQ�GHVFULEHG��&RUQLTXHO�DQG�0HUFLHU�������DQG���������%XW�WKHUH�DUH�RQO\�D�IHZ�RI�WKHVH�SUREHV�DYDLODEOH�\HW���
$)/3�� $PSOLILFDWLRQ� )UDJPHQW� /HQJWK�3RO\PRUSKLVP� �$)/3�� DQDO\VLV� LV� DFRPELQDWLRQ� RI� WKH� FKDUDFWHULVWLFV� RI� 5)/3�DQG�5$3'�PDUNHUV�� LQ� WKDW� WKH\� DUH� D� UHVXOW�RI� UHVWULFWLRQ� VLWH� SRO\PRUSKLVPV� WKDW� DUH�GHWHFWHG� E\� DPSOLILFDWLRQ� XVLQJ� VSHFLILF�DGDSWHUV� ZLWK� 3&5� DPSOLILFDWLRQ�� � 7KH�PHWKRG� JHQHUDWHV� D� ODUJH� QXPEHU� RI� EDQGV�WKDW� VHUYH� DV� WKH�PDUNHUV� IRU� ILQJHUSULQW� DQG�WUDLW�DQDO\VLV���$)/3� KDYH� EHHQ� XVHG� IRU� FXOWLYDU�LGHQWLILFDWLRQ� LQ� PDQ\� VSHFLHV�� � 7KH\� KDYH�DOVR� EHHQ� VKRZQ� WR� EH� XVHIXO� LQ� GDWH� SDOPV��/DFD]H� HW� DO�� ������� � 7ZHQW\� SULPHU�FRPELQDWLRQV� ZHUH� WHVWHG� WR� LGHQWLI\� WKRVH�FRPELQDWLRQV� JLYLQJ� WKH� PD[LPXP�GLVFULPLQDWLRQ� EHWZHHQ� WZR� YDULHWLHV� RI�GLYHUVH�� JHRJUDSKLFDO� RULJLQ� �.KDODV� DQG�0HGMRRO��� �7ZR�SULPHU�FRPELQDWLRQV��JLYLQJ�D WRWDO� RI� ��� SRO\PRUSKLF� EDQGV�� ZHUH�VHOHFWHG� IRU� D� PRUH� GHWDLOHG� VWXG\�� � $� FOHDU�GLVFULPLQDWLRQ� ZDV� REWDLQHG� EHWZHHQ� DOO�YDULHWLHV� WHVWHG� XVLQJ� WKH� VHOHFWHG� SULPHU�FRPELQDWLRQV�� � 7KLV� WHFKQLTXH��ZLWK� WKH� WZR�LGHQWLILHG� SULPHUV��ZDV� DOVR� XVHG� WR� FRQILUP�YDULHW\� VWDWXV� RI� WLVVXH� FXOWXUH�GHULYHG� GDWH�SDOPV�� � 5HSUHVHQWDWLYH� '1$� VDPSOHV� IURP�%DUKHH� DQG� .KDODV SURGXFWLRQ� OLQHV� ZHUH�VXEMHFWHG� WR� $)/3� ILQJHUSULQWLQJ� DQDO\VLV�DQG� FRPSDULVRQ� ZLWK� WKH� YDULHW\� VWDQGDUG�'1$� VDPSOHV�� � 7KLV� DQDO\VLV� LQGLFDWHG� WKDW�DOO WLVVXH� FXOWXUH� OLQHV� ZHUH� LGHQWLFDO� WR� WKH�YDULHW\� VWDQGDUGV�� � +RZHYHU�� WKH� SULPHU�FRPELQDWLRQV� RQO\� VDPSOH� D� YHU\� VPDOO�SRUWLRQ� RI� WKH� JHQRPH�� � 7KHUHIRUH�� DQ\�JHQRPLF� YDULDWLRQ� FRXOG� HDVLO\� KDYH� EHHQ�PLVVHG���

0LFURVDWHOOLWHV�� 0LFURVDWHOOLWHV� DUH� VPDOO� DUUD\V� �W\SLFDOO\�����ES�� RI� VLPSOH� GL�� DQG� WUL�QXFOHRWLGH�UHSHDWV� �6FULEQHU� DQG� 3HDUFH�� ������� � 7KHVH�DUUD\V� YDU\� LQ� OHQJWK� DQG� FDQ� EH� KLJKO\�SRO\PRUSKLF�� � 7KH\� VXIIHU� IURP� D� VLPLODU�GUDZEDFN� DV�5)/3�� QDPHO\�� WKH\� QHHG� WR�EH�LVRODWHG� DQG� WKHQ� WR� EH� FKDUDFWHUL]HG���1RUPDOO\�� VFUHHQLQJ� JHQRPLF� OLEUDULHV� ZLWK�WKH� ODEHOHG� UHSHDW� RI� LQWHUHVW� LGHQWLILHV�PLFURVDWHOOLWHV�� � 7KH� UHJLRQ� RI� WKH� FORQH�FRQWDLQLQJ� WKH� PLFURVDWHOOLWH� LV� WKHQ�VHTXHQFHG�DQG�3&5�SULPHUV�GHVLJQHG�ZLWKLQ�WKH� XQLTXH� IODQNLQJ� UHJLRQV� VSDQQLQJ� WKH�VDWHOOLWH� VHTXHQFH�� � 7KHVH� SULPHUV� WKHQ�JHQHUDWH� D� VHTXHQFHG�WDJJHG� VLWH�� � 7KH�FKDUDFWHULVWLF� OHQJWK� RI� WKH� DPSOLILFDWLRQ�SURGXFW� FDQ� WKHQ� EH� XVHG� DV� D�PDUNHU�� � 7KH�LGHQWLILFDWLRQ� RI� K\SHU�YDULDEOH�PLFURVDWHOOLWHV�� ZLWK� PXOWLSOH� DOOHOHV�� WKDW�YDULHG� EHWZHHQ� DOO� WKH� FRPPRQ� GDWH� SDOP�YDULHWLHV� ZRXOG� SURYLGH� D� VHULHV� RI� PDUNHUV�WKDW� FRXOG� XQDPELJXRXVO\� LGHQWLI\� WKHVH�YDULHWLHV�� � 6XFK� D� VHW� RI�PDUNHUV�ZRXOG� WDNH�DERXW� ��� PRQWKV� WR� GHYHORS� LQ� DQ�H[SHULHQFHG� ODERUDWRU\�� � $OWKRXJK�PLFURVDWHOOLWHV� PLJKW� KDYH� D� JUHDW� SRWHQWLDO��QR� VXFK� VDWHOOLWH� PDUNHUV� KDYH� \HW� EHHQ�GHVFULEHG�LQ�GDWH�SDOPV���,Q�IDFW�WKHUH�LV�RQO\�FXUUHQWO\� D� VWURQJ� HPSKDVLV� WR� GHYHORS� VXFK�PDUNHUV� IRU� SODQWV� �6FULEQHU� DQG� 3HDUFH��������� � ,Q�RXU�RSLQLRQ�� WKH�GHYHORSPHQW�RI�D�VHW�RI�PLFURVDWHOOLWH�PDUNHUV�ZRXOG�EH�XVHIXO�IRU� GDWH� SDOP� YDULHW\� LGHQWLILFDWLRQ���+RZHYHU�� WKHUH� LV� QR� HYLGHQFH� WKDW� VXFK�VHTXHQFHV� DUH� SUHVHQW� LQ� WKH� KLJKO\� YDULDEOH�UHJLRQV� RI� WKH� JHQRPH� DQG� VR� PD\� QRW� EH�XVHIXO�LQ�PRQLWRULQJ�VRPDFORQDO�YDULDWLRQ���
5'$�� 5HSUHVHQWDWLRQDO� 'LIIHUHQFH� $QDO\VLV���5'$�� ZDV� RULJLQDOO\� GHYHORSHG� WR� LVRODWH�WKH� VHTXHQFH� GLIIHUHQFHV� EHWZHHQ� WKH�
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�



���

JHQRPHV� RI� FDQFHU� DQG� QRUPDO� FHOOV�� � ,Q�SULQFLSOH��5'$�FDQ�EH�XVHG�WR�GHULYH�SUREHV�IRU� JHQRPLF� ORVVHV�� UHDUUDQJHPHQWV��DPSOLILFDWLRQV�� SRLQW� PXWDWLRQV� DQG�SDWKRJHQLF� RUJDQLVPV� IRXQG� ZLWKLQ� DQ\�RUJDQLVPV� �/LVLWV\Q� HW� DO��� ������� � 7KH�WHFKQLTXH� FRPELQHV� UHSUHVHQWDWLRQ��VXEWUDFWLYH� K\EULGL]DWLRQ�� DQG� NLQHWLF�HQULFKPHQW��)LJXUH������5HSUHVHQWDWLRQ�PHDQV�D SURGXFWLRQ� RI� WKH� VXE�SRSXODWLRQ� RI� '1$�IUDJPHQWV� GHULYHG� IURP� D� JLYHQ� '1$�SRSXODWLRQ�VXFK�WKDW�WKH�VHTXHQFH�FRPSOH[LW\�RI� WKH� VXE�SRSXODWLRQ� LV� ORZHU� WKDQ� WKH�VHTXHQFH� FRPSOH[LW\� RI� WKH� LQLWLDO� '1$���5HSUHVHQWDWLRQV� WKDW� UHGXFH� FRPSOH[LW\� DW�OHDVW�WHQ�IROG�RYHU�WKH�FRPSOH[LW\�RI�JHQRPH�RI� KLJKHU� RUJDQLVPV� ZLWK� JHQRPHV� DV�FRPSOH[�DV�KXPDQV�DUH�JHQHUDOO\�UHTXLUHG�IRU�WKH� VXFFHVV� RI� WKHVH� VXEVHTXHQW� VWHSV���6XEWUDFWLYH�K\EULGL]DWLRQ�FDQ�EH�H[SODLQHG�DV�HOLPLQDWLQJ� VLPLODU� VHTXHQFHV� E\�K\EULGL]DWLRQ� EHWZHHQ� WZR� UHSUHVHQWDWLRQV�DQG� REWDLQLQJ� XQLTXH� VHTXHQFHV� SUHVHQW� LQ�RQO\� RQH� RI� WKH� UHSUHVHQWDWLRQV�� � .LQHWLF�HQULFKPHQW� LV� EDVHG� RQ� WKH� VHFRQG� RUGHU�NLQHWLFV� RI� '1$� UH�DQQHDOLQJ�� � 7KH� UDWH� RI�IRUPDWLRQ�RI�GRXEOH� VWUDQGHG�'1$�LV�KLJKHU�IRU�'1$�VSHFLHV�RI�KLJKHU�FRQFHQWUDWLRQ��7KH�ILUVW� URXQG� RI� 5'$� LV� PDLQO\� GHSHQGHQW� RQ�VXEWUDFWLYH� HQULFKPHQW�� EXW� VXEVHTXHQW�URXQGV�GR�KHDYLO\�UHO\�RQ�NLQHWLF�HQULFKPHQW���,Q 5'$�� NLQHWLF� HQULFKPHQW� DQG� VXEWUDFWLYH�HQULFKPHQW� DUH� FRPELQHG� LQ� D� VLQJOH� VWHS�FDOOHG�K\EULGL]DWLRQ�DPSOLILFDWLRQ����

)LJXUH� ���$�JHQHUDO� RXWOLQH�RI� WKH� VWHSV� LQYROYHG� LQ� WKH�5'$� WHFKQLTXH� WR� LGHQWLI\� JHQRPH� GLIIHUHQFHV� EHWZHHQ�WZR�W\SHV�RI�SODQWV��0ROHFXODU�WHFKQLTXHV�DSSOLHG�LQFOXGH�JHQRPLF� '1$� GLJHVWLRQ� ZLWK� D� UHVWULFWLRQ� HQ]\PH��OLJDWLRQ� RI� ROLJRQXFOHRWLGH� DGDSWRUV� WR� GLJHVWHG� '1$��HQULFKPHQW� RI� '1$� VHTXHQFHV� E\� 3&5� DQG� VXEWUDFWLRQ�RI� '1$� VHTXHQFHV� E\�'1$�'1$� K\EULGL]DWLRQ�� � )LQDO�'1$�GLIIHUHQFH�SURGXFWV�XQLTXH�WR�RQH�W\SH�RI�SODQW�DUH�FORQHG� DQG� WKH� '1$� VHTXHQFH� DQDO\]HG�� � 7HVWHU� DQG�GULYHU�'1$�UHSUHVHQWV�JHQRPLF�'1$�IURP�WZR�W\SHV�RI�SODQWV�� GV� DQG� VV� UHSUHVHQW� GRXEOH� DQG� VLQJOH�VWUDQGHG�'1$�� UHVSHFWLYHO\�� � 2QO\� GRXEOH�VWUDQGHG� WHVWHU�'1$��GV�WHVWHU��LV�ILQDOO\�DPSOLILHG�DV�GLIIHUHQFH�SURGXFW��� 7KH�5'$�SURFHGXUH� LV� FDUULHG�RXW� LQ� WZR�VWDJHV���7KH�ILUVW�FRPSULVHV�WKH�SUHSDUDWLRQ�RI�UHSUHVHQWDWLRQV� IRU� GULYHU� DQG� WHVWHU� '1$V��GXULQJ� ZKLFK� UHVWULFWLRQ� HQGRQXFOHDVH�IUDJPHQWV� DUH� OLJDWHG� WR� ROLJRQXFOHRWLGH�DGDSWHUV� DQG�DPSOLILHG�E\�3&5�� �6LQFH�3&5�DPSOLILHV�VPDOOHU� IUDJPHQWV�PRUH�HIILFLHQWO\��WKH� UHSUHVHQWDWLRQ� FDOOHG� DPSOLFRQV� LV� QRZ�SRSXODWHG� ZLWK� VPDOOHU� IUDJPHQWV� IURP� WKH�UHVWULFWLRQ� HQGRQXFOHDVH� GLJHVW�� � 7KH� VHFRQG�VWDJH� LV� FRPSULVHG� RI� WKH� UHLWHUDWLYH�K\EULGL]DWLRQ� �� DPSOLILFDWLRQ� VWHS�� SULRU� WR�ZKLFK�� RQO\� WHVWHU� �WDUJHW�� PROHFXOHV� DUH�ILWWHG� ZLWK� D� QHZ� SDLU� RI� GHILQHG�
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ROLJRQXFOHRWLGHV� DW� WKHLU� �¶� HQGV�� � $IWHU� UH�DQQHDOLQJ� WHVWHU� DQG� GULYHU�� WKH� PL[WXUH� RI�PROHFXOHV� LV� WUHDWHG� ZLWK� '1$� SRO\PHUDVH���7KLV� DGGV� WKH� FRPSOHPHQW� RI� WKH� GHILQHG�ROLJRQXFOHRWLGHV� WR�ERWK��¶� HQGV�RI�RQO\� VHOI�UH�DQQHDOHG�WHVWHU�'1$�IUDJPHQWV���:KHQ�WKH�GHILQHG� ROLJRQXFOHRWLGH� LV� XVHG� DV� SULPHU� LQ�3&5�RI�WKH�PL[WXUH��RQO\�WKHVH�PROHFXOHV�FDQ�SDUWLFLSDWH� LQ� H[SRQHQWLDO� DPSOLILFDWLRQ���5'$� WHFKQLTXHV� KDYH� DOVR� EHHQ� XVHG� ZLWK�F'1$�WR�LGHQWLI\�WKH�GLIIHUHQWLDOO\�H[SUHVVHG�JHQHV� LQ� DQLPDOV� DQG� SODQWV� �+XEDQN� DQG�6FKDW]��������/L�HW�DO����������,Q RUGHU� WR� LGHQWLI\� YDULHW\�VSHFLILF�PDUNHUV�� 5'$� FDQ� EH� PRGLILHG� WR� VHOHFW�'1$� VHTXHQFHV�� ZKLFK� DUH� SUHVHQW� LQ� WKH�UHSUHVHQWDWLRQ� IURP� WKH� GHVLUHG� YDULHW\� DQG�DEVHQW� IURP� WKH� UHSUHVHQWDWLRQ� RI� DOO� RI� WKH�RWKHU� YDULHWLHV�� � 5'$� KDV� EHHQ� DSSOLHG� WR�LGHQWLI\� GLIIHUHQFHV� EHWZHHQ� %DUKHH� DQG�0HGMRRO� �.XQHUW� HW� DO� ������ 9RUVWHU� HW DO�������� 5HFLSURFDO� VXEWUDFWLRQV� XVLQJ� WKH�HQ]\PH� %DP+, IRU� GHYHORSLQJ� WKH�UHSUHVHQWDWLRQ�ZHUH� SHUIRUPHG�ZLWK�0HGMRRO�DV GULYHU� DQG� %DUKHH� DV� WHVWHU� LQ� RQH�� DQG�ZLWK�%DUKHH� DV� GULYHU� DQG�0HGMRRO� DV� WHVWHU�LQ WKH�RWKHU��7KH�ILUVW�GLIIHUHQFH�SURGXFW�WKDW�KDV�EHHQ�FKDUDFWHUL]HG�DSSHDUV�WR�UHSUHVHQW�D�K\SHU�YDULDEOH� UHJLRQ�DQG�KDV�VRPH�SRWHQWLDO�IRU� GHWHUPLQLQJ� YDULHWDO� YDULDWLRQ� DV� ZHOO� DV�WLVVXH�FXOWXUH�LQGXFHG�YDULDWLRQ���7KH� DSSOLFDWLRQ� RI�5'$� WR�SRROHG� VDPSOHV�KROGV� WKH� SURPLVH� RI� GHYHORSLQJ� PDUNHUV� WKDW�DUH� VSHFLILF� WR� HDFK� LQGLYLGXDO� YDULHW\�� �$OO� RI�WKH�RWKHU�WHFKQLTXHV�GHVFULEHG�UHO\�RQ�D�SURILOH�WKDW�LV�D�SDUWLFXODU�SDWWHUQ�GHULYHG�IURP�D�VHULHV�RI�PDUNHUV�WKDW�LV�GLVWLQFWLYH�IRU�HDFK�SDUWLFXODU�YDULHW\�� � 7KH� XVH� RI� D� FRPELQHG� VDPSOH�DSSURDFK� VKRXOG� UHVXOW� LQ� WKH� GHYHORSPHQW� RI�PDUNHUV�WKDW�DUH�VSHFLILF�WR�D�SDUWLFXODU�YDULHW\���6XFK�SOXV�PLQXV�PDUNHUV�ZLOO�EH�XVHIXO�LQ�ERWK�VPDOO�RSHUDWLRQV�WR�LGHQWLI\�YDULHWLHV�DV�ZHOO�DV�IRU�WKH�GHYHORSPHQW�RI�PLFURFKLS�GLDJQRVWLFV���7KH� XVH� RI� 5'$� IRU� GHYHORSLQJ� PDUNHUV�IRU� FXOWXUH�LQGXFHG� YDULDWLRQ� LV� XQSURYHQ� LQ�

GDWH� SDOP�� � +RZHYHU�� GDWD� IURP� EDQDQD� KDV�LQGLFDWHG� WKDW� LW� LV� OLNHO\� WKDW� WKH� DSSURDFK�ZLOO�EH�IUXLWIXO��&XOOLV�HW DO���������&XOOLV�DQG�.XQHUW�� ������� � 7KH� SDUWLFXODU� DGYDQWDJH� RI�5'$�LQ�WKLV�FRQWH[W�LV�WKH�DELOLW\�WR�VFUHHQ�D�PXFK�JUHDWHU�IUDFWLRQ�RI�WKH�WRWDO�JHQRPH�LQ�D�VLQJOH�H[SHULPHQW����
0LFURFKLS�WHFKQRORJ\�� 7KH� '1$� ILQJHUSULQWLQJ� ZRUOG� LV� H[FLWHG�DERXW� WKH� DGYHQW� RI� '1$� FKLS� WHFKQRORJ\��ZKLFK�PLJKW�EH�H[SORLWHG�DV�WKH�XOWLPDWH�'1$�ILQJHUSULQWLQJ�DSSOLFDWLRQ��.XQHUW�HW�DO�����������7KH� SURFHGXUH� LQYROYHV� V\QWKHVL]LQJ� SUREHV��DWWDFKLQJ� WKHP� WR� VROLG� VXUIDFHV� WR� IDEULFDWH�PLFURFKLSV�� � 6LQJOH�VWUDQGHG� IOXRUHVFHQW�ODEHOHG�JHQRPLF�VHTXHQFHV�DUH�WKHQ�K\EULGL]HG�WR� WKHVH� PLFURFKLSV� DQG� SDWWHUQ� LV� GHWHUPLQHG�E\� UHDGLQJ� WKH� PLFUR�DUUD\V�� � 7KH� PLFURDUUD\�WHFKQRORJ\� LV� VWLOO� LQ� LWV� LQIDQF\� DQG� YHU\�H[SHQVLYH��EXW� WKHUH� LV�D�JURZLQJ�VHQVH� WKDW� LQ�WKH� IXWXUH� JHQRPH� DQDO\VLV� ZLOO� EH� SHUIRUPHG�RQ� µ� PLFURFKLSV´�� � $SSOLFDWLRQ� RI� WKH� µ'1$�FKLS¶� WHFKQRORJ\� VSHFLILFDOO\� LQ� WKH� WUDGLWLRQDO�SODQW� WLVVXH� FXOWXUH� LQGXVWU\�� UHSUHVHQWHG� E\�VPDOO� WR� PHGLXP�VHL]HG� FRPSDQLHV� ZLOO��KRZHYHU�� GHSHQG� JUHDWO\� RQ� ZKHWKHU� FRVW�HIIHFWLYH� PLFURDUUD\� WHFKQRORJ\� FDQ� EH�SURYLGHG�LQ�WKH�IXWXUH���:K\�LV�WKH�LPSOHPHQWDWLRQ�RI�D�GLDJQRVWLF�PDUNHU�VWLOO�D�VORZ�SURFHVV"�� 8QIRUWXQDWHO\�� WKHUH� LV� D� VFKRRO� RI� WKRXJKW�RULJLQDWLQJ� IURP� WUDGLWLRQDO� SODQW� EUHHGLQJ�ZKLFK�IDYRUV�WKDW�DQ\�GLVFULPLQDWLRQ�VKRXOG�EH�EDVHG� RQ� H[SUHVVHG� FKDUDFWHUV�� LJQRULQJ� WKH�DGGLWLRQ� RI� PROHFXODU� FKDUDFWHULVWLFV� DV�FRPSOHPHQWDU\� WR� VXSSRUW� PRUSKRORJLFDO�FKDUDFWHUV�� � %HVLGHV� JDLQLQJ� UHFRJQLWLRQ� DV� D�WRRO� IRU� SODQW� YDULHW\� SURWHFWLRQ�� QHZ� '1$�EDVHG� WHFKQRORJLHV� KDYH� VWLOO� WR� SURYH� WKHLU�UHOLDELOLW\� DQG� FRVW�HIIHFWLYHQHVV� DQG�
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GHPRQVWUDWH� WKDW� WKH\� FDQ� EH� PRUH� HIIHFWLYH�WKDQ�WUDGLWLRQDO�PHWKRGV��$UFKDN���������0DLQO\� GXH� WR� ODFN� RI� ERWK� WKH� FOHDU�LGHQWLILFDWLRQ� RI� SODQW� RII�W\SHV� DQG� GHWDLOHG�UHVHDUFK� HIIRUWV�� QRQH� RI� WKH� GLDJQRVWLF�PDUNHU� WHFKQLTXHV� VR� IDU� DSSOLHG� IRU� GDWH�SDOP� KDV� IXOILOOHG� DOO� RI� WKH� IROORZLQJ�GHPDQGV��x (DVLO\�DSSOLFDEOH�DQG�LQH[SHQVLYH��x (DVLO\�GLIIHUHQWLDWLQJ�GDWH�SDOP�FXOWLYDUV��x $SSOLFDEOH�WR�LQ YLWUR�PDWHULDO�DQG�PDWXUH�SODQWV��x $EOH�WR�GHWHFW�ERWK�JHQHWLF�DQG�HSLJHQHWLF�YDULDWLRQ��x $EOH�WR�EH�XVHG�WR�SUHGLFW�SODQW�TXDOLW\��x $EOH�WR�SUHGLFW�WKH�SURSRUWLRQ�RI�SODQW�RII�W\SHV��� 7KH� FXUUHQW� FRPSDQLHV� LQYROYHG� LQ� GDWH�SDOP� SURGXFWLRQ� DUH� SUHGRPLQDQWO\�HQWUHSUHQHXU�W\SH� VPDOO� WR� PHGLXP�VHL]HG�SURGXFWLRQ� IDFLOLWLHV� ZLWKRXW� VLJQLILFDQW�VHUYLFH� RU� 5HVHDUFK� DQG� 'HYHORSPHQW�IDFLOLWLHV�� �6XFK�FRPSDQLHV�FDQ�KDUGO\�DIIRUG�WR SD\� IRU� VRSKLVWLFDWHG� WHFKQRORJLHV� RU� WR�LPSOHPHQW� FRPSOH[� GLDJQRVWLF� WHFKQLTXHV�LQWR� WKHLU� EXVLQHVV� WR� VFUHHQ� D� JUHDW� QXPEHU�RI� SODQWV�� � &RVW� ZLOO� WKHUHIRUH� EH� WKH� PDLQ�IDFWRU� LQ� WKH� DGRSWLRQ� RI� DQ\� URXWLQH� TXDOLW\�DVVXUDQFH�VFUHHQLQJ�� �&XUUHQWO\��D�UHDVRQDEO\�SULFHG� DQG� HDVLO\� DSSOLFDEOH� GLDJQRVWLF� WRRO��ZKLFK�FDQ�GR�ERWK�FXOWLYDU�LGHQWLILFDWLRQ�DQG�GHWHFWLRQ� RI� SODQW� RII�W\SHV�� GRHV� QRW� H[LVW���$V� ORQJ� DV� VXFK� D� GLDJQRVWLF� WRRO� LV� QRW�DYDLODEOH�� LVR]\PH� DQDO\VLV� DQG� 5$3'� LQ�FRPELQDWLRQ� ZLWK� PRUSKRORJLFDO� VFUHHQLQJ�RIIHU�� GHVSLWH� WKHLU� PDMRU� OLPLWDWLRQV� RI�UHSURGXFLELOLW\� DQG� H[SUHVVLRQ� RI�SHUIRUPDQFH� FKDUDFWHULVWLFV�� WKH� RQO\� FRVW�HIIHFWLYH� DQG� HDVLO\� DSSOLFDEOH� WRRO� IRU� GDWH�SDOP�LGHQWLILFDWLRQ��)LQDOO\�� LW� LV� DOVR� QRW� HQWLUHO\� FOHDU� ZKDW�HFRQRPLF� LPSDFW� SODQW� RII�W\SHV� DFWXDOO\�KDYH� RQ� ERWK� WKH� SURGXFHU� DQG� JURZHU���

%HVLGHV� UHFHQW� LQGLFDWLRQV� RI� SROOLQDWLRQ�SUREOHPV�� GDWH� SDOP� VHHPV� WR� EH� JHQHWLFDOO\�TXLWH� VWDEOH� LQ� FRPSDULVRQ�� IRU� H[DPSOH�� WR�RWKHU�PRQRFRW\OHGRQRXV�FURSV��/LQDFHUR�DQG�9D]TXH]�� ������ DQG� UHSRUWV� DERXW� SODQW� RII�W\SHV�LQ�GDWH�SDOP�DUH�VWLOO�UDWKHU�VSRUDGLF���,W�LV�� WKHUHIRUH�� XQGHUVWDQGDEOH� WKDW� VSHFLILFDOO\�VPDOOHU�FRPPHUFLDO�SURGXFHUV�DUH�UHOXFWDQW�WR�LPSOHPHQW�D�FRVWO\�QHZ�WHFKQRORJ\�LQWR�WKHLU�RSHUDWLRQ� DV� ORQJ� DV� WKHUH� LV� QR� REYLRXV�EHQHILW�WR�HQKDQFH�WKHLU�FRPPHUFLDO�RSHUDWLRQ�HIILFLHQF\��$PRQJ� WKH� FKDOOHQJHV� IRU� GDWH� SDOP�PLFURSURSDJDWLRQ�LV�WR�GHYHORS�D�PRUH�UREXVW�DQG� FRVW�HIIHFWLYH� '1$�EDVHG� GHWHFWLRQ�WHFKQLTXH�� ZKLFK� KDV� WR� EH� VWDQGDUGL]HG� IRU�ERWK� FXOWLYDU� LGHQWLILFDWLRQ� DQG� GHWHFWLRQ� RI�VRPDFORQDO�YDULDQWV�� �6XFK�D� WHFKQLTXH�PXVW�EH� DIIRUGDEOH� DQG� EH� HDVLO\� DSSOLHG� E\�FRPPHUFLDO� SURGXFHUV�� � ,Q� DGGLWLRQ��DFFHSWDQFH� RI� �'1$� ILQJHUSULQWV�� DV��VLJQDWXUHV��LQ�OHJDO�FDVHV�ZLOO�GHSHQG�RQ�WKH�GHYHORSPHQW� RI� GDWD� WR� FRQYLQFH� OHJDO�DXWKRULWLHV� DQG� SROLF\� PDNHUV� RI� LWV� XWLOLW\���&XUUHQW� WHFKQLTXHV� KDYH� WKH� GLVDGYDQWDJH� LQ�WKDW� WKH\� DUH� HLWKHU� QRW� UREXVW� �LVR]\PH�DQDO\VLV�DQG�5$3'���H[SHQVLYH�ZKHQ�DSSOLHG�WR� D� JUHDW� QXPEHU� RI� SODQWV� �5)/3� DQG�$)/3��� KDYH� QRW� FOHDUO\� GHPRQVWUDWHG� WKHLU�SRWHQWLDO� �5'$��RU�KDYH�QRW�EHHQ�HYHQ� WULHG��PLFURVDWHOOLWHV� DQG� '1$� FKLS� WHFKQRORJ\����,Q DGGLWLRQ��XQGHU�SHUIRUPLQJ�SODQW�RII�W\SHV�KDYH�RQO\�UHFHQWO\�EHHQ�GHWHFWHG�LQ�WKH�ILHOG��WKHUHIRUH�QRQH�RI�FXUUHQW�GHWHFWLRQ�WHFKQLTXHV�KDYH� GHPRQVWUDWHG� WKH� DELOLW\� WR� GHWHFW� VXFK�SODQW�RII�W\SHV��6LJQLILFDQW� SURJUHVV�� KRZHYHU�� LQ� WKH�LPSURYHPHQW�DQG�HYDOXDWLRQ�RI�WKH�FXUUHQW�DQG�SRVVLEOH�QHZ�GHWHFWLRQ� WHFKQLTXHV�ZLOO�RQO\�EH�PDGH� ZLWK� WKH� KHOS� RI� D� FRPPHUFLDO� VHUYLFH�ODERUDWRU\� KDYLQJ� D� IRFXV� RQ� WKH� GHYHORSPHQW�DQG� LPSOHPHQWDWLRQ� RI� PROHFXODU� GLDJQRVWLFV���,Q� WKDW�� WKH� DFDGHPLF� ZRUOG� FDQ� RQO\� SOD\� D�VXSSRUWLYH� UROH�� � 6FLHQWLVWV� LQ� WKH� DFDGHPLF�HQYLURQPHQW� RIWHQ� GR� QRW� XQGHUVWDQG� WKDW�
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FRPPHUFLDO� LPSHUDWLYHV�GHPDQG�IDU�PRUH� WKDQ�MXVW� WHFKQRORJLFDO� DGYDQFHV�� � 7KH\� DUH�FRQWLQXRXVO\� FKDOOHQJHG� WR� XSGDWH� WKHPVHOYHV�RQ� WKH� ODWHVW� VFLHQWLILF� GHYHORSPHQWV� DQG� WKH\�DUH� FRQVWDQWO\� XUJHG� WR� WU\� HYHU\WKLQJ� WKDW� LV�QHZ�� � &RPPHUFLDO� ODERUDWRULHV�� KRZHYHU��H[SHULHQFHG� LQ� WKH� GHYHORSPHQW� RI� PROHFXODU�GLDJQRVWLF� WHFKQLTXHV�� KDYH� UDUHO\� IRFXVHG� RQ�PLQRU� FURSV�� VXFK� DV� GDWH� SDOP�� � 7KHVH� FURSV�DUH� QRUPDOO\� SURGXFHG� LQ� D� UHODWLYHO\� VPDOO�QXPEHU� SRVVLEO\� GHPDQGLQJ� RQO\� VHYHUDO�KXQGUHGV� RI� TXDOLW\� DVVXUDQFH� WHVWV� SHU� \HDU���7KLV� ZRXOG� KDUGO\� MXVWLI\� DQ\� GHYHORSPHQWDO�ZRUN��ZKLFK�PLJKW�HDVLO\�FRVW�VHYHUDO�KXQGUHGV�RI� WKRXVDQG� �86�� � $� IDVW� DQG� VLJQLILFDQW�SURJUHVV� LQ� WKH� GHYHORSPHQW� DQG� EXVLQHVV�LPSOHPHQWDWLRQ�RI�D�GHWHFWLRQ� WHFKQLTXH�PLJKW�RQO\�EH� DFKLHYHG� LQ� FDVH� WKDW� WKH�GHYHORSPHQW�FRVW� FDQ� EH� UHFRYHUHG� E\� HLWKHU� SURGXFHUV�SD\LQJ� D� VXEVWDQWLDO� OLFHQVH� IHH� IRU� D�GHWHFWLRQ�WHFKQLTXH�RU�E\�JDLQLQJ�ILQDQFLDO�VXSSRUW�RI�DQ�LQWHUQDWLRQDO�IXQGLQJ�DJHQF\���5HIHUHQFHV�
$LWFKLWW� 0��� &�� &�� $LQVZRUWK�� DQG� 0��7KDQJDYHOX�� � ������ �$� UDSLG� DQG�HIILFLHQW�PHWKRG� IRU� WKH� H[WUDFWLRQ� RI� WRWDO� '1$�IURP� PDWXUH� OHDYHV� RI� WKH� GDWH� SDOP��3KRHQL[� GDFW\OLIHUD� /���� 3ODQW� 0ROHFXODU�%LRORJ\�5HSRUWHU���������������$UFKDN� 6�� ������ � 3ODQW�'1$� ILQJHUSULQWLQJ��$Q� RYHUYLHZ�� � $J%LRWHFK1HW�� ��� � $SULO�LVVXH���$O�*KDPGL� $�6�� ������ � )LHOG� HYDOXDWLRQ� RI�GDWH� SDOP� �3KRHQL[� GDFW\OLIHUD� /���FXOWLYDUV�SURGXFHG�WKURXJK�WLVVXH�FXOWXUH�WHFKQLTXHV������)UXLW�FKHPLFDO�SURSHUWLHV���%XOOHWLQ� RI� )DFXOW\� RI� $JULFXOWXUH��8QLYHUVLW\�RI�&DLUR����������������%DD]L]�0��DQG�0��6DDLGL���������3UHOLPLQDU\�LGHQWLILFDWLRQ� RI� GDWH� SDOP� FXOWLYDUV� E\�

HVWHUDVH� LVRHQ]\PHV� DQG� SHUR[LGDVH�DFWLYLWLHV�� � &DQDGLDQ� -RXUQDO� RI� %RWDQ\����� ��������%DD]L]� 0�� ������ � 7KH� DFWLYLW\� DQG�SUHOLPLQDU\� FKDUDFWHUL]DWLRQ� RI�SHUR[LGDVHV�LQ�OHDYHV�RI�FXOWLYDUV�RI�GDWH�SDOP�� 3KRHQL[� GDFW\OLIHUD� /�� � 1HZ�3K\WRORJLVW����������������%DD]L]� 0��� )�� $LVVDP�� =�� %UDNH]�� %HQGLDE�.��� ,��(O�+DGUDPL��DQG�5��&KHLNK���������(OHFWURSKRUHWLF� SDWWHUQV� RI� DFLG� VROXEOH�SURWHLQV� DQG� DFWLYH� LVRIRUPV� RI�SHUR[LGDVH� DQG� SRO\SKHQROR[LGDVH�W\SLI\LQJ� FDOOL� DQG� VRPDWLF� HPEU\RV� RI�WZR� UHSXWHG� GDWH� SDOP� FXOWLYDUV� LQ�0RURFFR���(XSK\WLFD���������������%KDVNDUDQ� 6�� DQG� 5�� +�� 6PLWK�� �������6RPDWLF� HPEU\RJHQHVLV� LQ� GDWH� SDOP��3KRHQL[� GDFW\OLIHUD� /���� � ,Q�� 6�� -DLQ��3��*XSWD�� DQG� 5�� 1HZWRQ� �HGV���� � 6RPDWLF�HPEU\RJHQHVLV�LQ�ZRRG\�SODQWV���.OXZHU�$FDGHPLF� 3XEOLVKHUV�� 7KH� 1HWKHUODQGV���SS������������%HQGLDE�.���0��%DD]L]��=��%UDNH]��DQG�0��+��6HGUD�� ������ � &RUUHODWLRQ� RI� LVRHQ]\PH�SRO\PRUSKLVP� DQG� %D\RXG�GLVHDVH�UHVLVWDQFH� LQ� GDWH� SDOP� FXOWLYDUV� DQG�SURJHQ\���(XSK\WLFD�������������%HQGLDE� .��� 0�� %DD]L]�� DQG� .�� 0DMRXUKDW������� 3UHOLPLQDU\� GDWH� SDOP� FXOWLYDU�FRPSRVLWLRQ�RI�0RURFFDQ�SDOP�JURYHV�DV�UHYHDOHG� E\� OHDI� LVRHQ]\PH� SKHQRW\SHV���%LRFKHPLFDO� 6\VWHPDWLFV� DQG� (FRORJ\���� ��������%UDU�'�6��DQG�6��0��-DLQ���������6RPDFORQDO�YDULDWLRQ�� PHFKDQLVPV� DQG� DSSOLFDWLRQV�LQ� FURS� LPSURYHPHQW�� � ,Q�� � 6�0�� -DLQ��'�6�� %UDU�� DQG� %�6�� $KORRZDOLD� �HGV�����6RPDFORQDO� YDULDWLRQ� DQG� LQGXFHG�
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PXWDWLRQV�LQ�FURS�LPSURYHPHQW���.OXZHU�$FDGHPLF�3XEOLVKHUV��%RVWRQ��86$���SS����������&DVVHOOV�$�&���6��0��-R\FH��5��)��&XUU\��DQG�7�� )�� 0F&DUWK\�� ������ � 'HWHFWLRQ� RI�HFRQRPLF� YDULDELOLW\� LQ�PLFURSURSDJDWLRQ�� � ,Q�� $�� $OWPDQ�� 0��=LY�� DQG� 6�� ,]KDU� �HGV���� � 3ODQW�%LRWHFKQRORJ\� DQG� LQ YLWUR� %LRORJ\� LQ�WKH� ��VW� &HQWXU\�� � .OXZHU� $FDGHPLF�3XEOLVKHUV�� 7KH� 1HWKHUODQGV�� � SS�� ��������
&RUOH\�5�+�9���&��+��/HH�� ,��+��/DZ��DQG�&��<� :RQJ�� ������ � $EQRUPDO� IORZHU�GHYHORSPHQW�LQ�RLO�SDOP�FORQHV���3ODQWHU���� ����������&RUQLTXHO� %�� DQG� /�� 0HUFLHU�� ������ � 'DWH�SDOP� �3KRHQL[� GDFW\OLIHUD� /��� FXOWLYDU�LGHQWLILFDWLRQ� E\� 5)/3� DQG� 5$3'���3ODQW�6FLHQFH����������������&RUQLTXHO� %�� DQG� /�� 0HUFLHU�� �������,GHQWLILFDWLRQ� RI� GDWH� SDOP� �3KRHQL[�GDFW\OOLIHUD� /��� FXOWLYDUV� E\� 5)/3��3DUWLDO�FKDUDFWHUL]DWLRQ�RI�D�F'1$�SUREH�WKDW�FRQWDLQV�D�VHTXHQFH�HQFRGLQJ�D�]LQF�ILQJHU� PRWLI�� � ,QWHUQDWLRQDO� -RXUQDO� RI�3ODQW�6FLHQFH���������������&XOOLV�&�$�������� �7KH�PROHFXODU�ELRORJ\�RI�SODQW� FHOOV� DQG� FXOWXUHV�� � ,Q�� 0�:��)RZOHU� DQG� *�6�� :DUUHQ� �HGV���� � 3ODQW�%LRWHFKQRORJ\�� � 3HUJDPRQ� 3UHVV��2[IRUG���SS���������&XOOLV� &�$�� ������ � (QYLURQPHQWDO� 6WUHVV� �� D�JHQHUDWRU�RI�DGDSWLYH�YDULDWLRQ���,Q��+�5��/HUQHU��HG�����3ODQW�$GDSWDWLRQV�WR�6WUHVV�(QYLURQPHQWV�� � 0DUFHO� 'HNNHU�� 1HZ�<RUN���SS������������

&XOOLV�&��DQG�.��-��.XQHUW���������,VRODWLRQ�RI�WLVVXH� FXOWXUH�LQGXFHG�SRO\PRUSKLVPV� LQ�EDQDQDV� E\� UHSUHVHQWDWLRQDO� GLIIHUHQFH�DQDO\VLV���$FWD�+RUWLFXOWXUDH��LQ�SUHVV���&XOOLV� &��� 6�� 5DGHPDQ�� DQG� .�� -�� .XQHUW������� 0HWKRG� IRU� ILQGLQJ� JHQHWLF�PDUNHUV� RI� VRPDFORQDO� YDULDWLRQ���,QWHUQDWLRQDO� SXEOLFDWLRQ� QXPEHU� :2����������
'MHUEL� 0�� ������ � $EQRUPDO� IUXLWLQJ� RI� WKH�GDWH� SDOP� WUHHV� GHULYHG� IURP� WLVVXH�FXOWXUH�� � 'DWH� 3DOP� ,QWHUQDWLRQDO�6\PSRVLXP�� � :LQGKRHN�� 1DPLELD�� � ����� )HEUXDU\���������+XEDQN� 0�� DQG� '�*�� 6FKDW]�� �������,GHQWLI\LQJ� GLIIHUHQFHV� LQ� P51$�H[SUHVVLRQ�E\�UHSUHVHQWDWLRQDO�GLIIHUHQFH�DQDO\VLV� RI� F'1$�� � 1XFOHLF� $FLGV�5HVHDUFK�����������������+XVVDLQ�)��DQG�$��(O�=HLG���������6WXGLHV�RQ�SK\VLFDO� DQG� FKHPLFDO� FKDUDFWHULVWLFV� RI�GDWH�YDULHWLHV�RI�6DXGL�$UDELD�� �0LQLVWU\�RI� $JULFXOWXUH� DQG� :DWHU�� .LQJGRP� RI�6DXGL�$UDELD���-DVPLQ�$OMLERXUL��$�0���0��6��2PDU��DQG�:��.�� $O�4XDGK\�� ������ � ,GHQWLILFDWLRQ� RI�GDWH� SDOP� SODQWOHWV� GHULYHG� IURP� WLVVXH�FXOWXUH�� � 'DWH� 3DOP� ,QWHUQDWLRQDO�6\PSRVLXP�� � :LQGKRHN�� 1DPLELD�� � ����� )HEUXDU\��������-RQHV�&�-���.��-��(GZDUGV��6��&DVWDJOLRQH��0��2��:LQILHOG��)��6DOD��&��YDQ�GH�:LHO��*��%UHGHPHLMHU�� %�� 9RVPDQ�� 0�� 0DWWKHV� ��$��'DO\��5��%UHWWVFKQHLGHU��3��%HWWLQL��0��%XLDWWL�� (�� 0DHVWUL�� $�� 0DOFHYVFKL�� 1��0DUPLUROL�� 5�� $HUW�� *�� 9ROFNDHUW�� -��5XHGD��5��/LQDFHUR��$��9D]TXH]��DQG�$��.DUS�� ������ � 5HSURGXFLELOLW\� WHVWLQJ� RI�5$3'��$)/3�DQG�665�PDUNHUV�LQ�SODQWV�
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E\� D� QHWZRUN� RI� (XURSHDQ� ODERUDWRULHV���0ROHFXODU�%UHHGLQJ��������������.DUS� $�� ������ � $UH� \RXU� SODQWV� QRUPDO"� ±�*HQHWLF� LQVWDELOLW\� LQ� UHJHQHUDWHG� DQG�WUDQVJHQLF� SODQWV�´� � $JUR�)RRG�,QGXVWU\�+L�7HFK��0D\�-XQH��33���������.DUS� $�� ������ � &DQ� JHQHWLF� LQVWDELOLW\� EH�FRQWUROOHG� LQ� SODQW� WLVVXH� FXOWXUHV"��1HZVOHWWHU� RI� WKH� ,QWHUQDWLRQDO�$VVRFLDWLRQ� RI� 3ODQW� 7LVVXH� &XOWXUH� �����������.HSKDUW� 6�5�� ������ � 6WDUFK� JHO�HOHFWURSKRUHVLV� RI� SODQW� LVR]\PHV�� $�FRPSDUDWLYH� DQDO\VLV� RI� WHFKQLTXHV���$PHULFDQ� -RXUQDO� RI� %RWDQ\�� ���� ��������
.XQHUW� .�-��� -�� 9RUVWHU�� (�� %H\�� DQG� &�� $��&XOOLV��������5HSUHVHQWDWLRQDO�GLIIHUHQFH�DQDO\VLV� DV� D� '1$�EDVHG� TXDOLW\�DVVXUDQFH� SURFHGXUH� IRU� GDWH� SDOP��PLFURSURSDJDWLRQ�� � 'DWH� 3DOP�,QWHUQDWLRQDO� 6\PSRVLXP�� � :LQGKRHN��1DPLELD���������)HEUXDU\��������.XQHUW�.�-��� -��9RUVWHU��&��%HVWHU��DQG�&��$��&XOOLV�� � ������ � '1$� PLFURFKLS�WHFKQRORJ\� LQ� WKH� SODQW� WLVVXH� FXOWXUH�LQGXVWU\�� � ,Q�� &URS� %LRWHFKQRORJ\�� � .��5DMDVHNDUDQ�� 7�-�� -DFNV�� -�:�� )LQOH\��HGV���� � $&6� 6\PSRVLXP� 6HULHV� ������$PHULFDQ�&KHPLFDO�6RFLHW\��:DVKLQJWRQ�'&� SS���������/DFD]H� 3�� DQG� $�� %UDFNSRRO�� �������0ROHFXODU� ILQJHUSULQWLQJ� RI� GDWH� SDOP�FXOWLYDUV� XVLQJ� $)/3�� � 'DWH� 3DOP�,QWHUQDWLRQDO� 6\PSRVLXP�� � :LQGKRHN��1DPLELD���������)HEUXDU\��������/L -�+���+��6��6KDR��DQG�;��4��=KHQJ���������5DSLG� LGHQWLILFDWLRQ� RI� WRPDWR�
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2XHQ]DU� %��� &�� +DUWPDQQ�� $�� 5RGH�� DQG�%HQVOLPDQH�$�� � ������ �'DWH� SDOP�'1$�PLQL�SUHSDUDWLRQ�ZLWKRXW�OLTXLG�QLWURJHQ���3ODQW� 0ROHFXODU� %LRORJ\� 5HSRUWHU� ��������������3KLOOLSV�5�/���6��0��.DHSSOHU��DQG�3��2OKRIW������� *HQHWLF� LQVWDELOLW\�RI�SODQW� WLVVXH�FXOWXUHV��%UHDNGRZQ�RI�QRUPDO�FRQWUROV���3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFH�86$����������������

(PLU� -��$JULF��6FL�����������������������
�



���
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